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VERY ROBUST. Completely sealed 6’ dia- 
meter instrument, with measuring bulb in 
i” diameter stainless steel sheath. 


LOW COST. a practical and economic re- 
placement for filled systems and moving coil 
instruments — send for price list. 


TRANSISTORISED. Exceptional reliability 


with a printed circuit and robust motor 


driven indicating pointer. 12 volt battery or | / 
mains supply. 


EASILY FITTED. Simple clamp mounting 
with robust terminals. No fragile capillary 


tubes or expensive compensating cable — 

tw on TEMPERATURE 
ACCURATE AND RAPID RESPONSE. 

Reproduceability better than 0°25% on 13” 


scale, response time 1 second. 
73 TEMPERATURE RANGES in -F ana °c 
for temperatures up to 850°C. 


Send for Specification Sheet BIK 2/C and Price List. 


UP TO 300 FT. SIMPLE WIRING 


ALSO Sess 


“BIKINI” CONTROLLER 
Differential 0°5°C. Includes similar 
features to the Bikini Indicator. 


Send for specification sheet BIK.1 
and price list. 


“BIKINI” INDICATOR /CONTROLLER 


MEASURING 


BULB 
Hse aaeeanoee | The Indicator can be supplied with an 
The indicator can be up j adjustable control contact 
to 300 feet away from the Y for use with local or remote alarm 
measurin Int Y, 
with no Bee on calibra- Yy or control relay. 
tration and accuracy. Yy 
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FIELDEN ELECTRONICS LTD - WYTHENSHAWE - MANCHESTER Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester Indicating 
ALSO AUSTRALIA, ITALY AND CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON LTD) Recording 
Agents throughout the world AND DUBLIN. Control 
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SPECIAL FEATURES 


Thoughts on the LE.A. Show 


L. LANDON GOODMAN of the Electrical Development Association 


reviews last month’s Instruments, Electronics and Automation 
Exhibition at Olympia 


Process control by computer—2 


Pointing out that American manufacturers expect an annual market 
of a hundred million dollars by the mid-sixties, R. A. MORLEY and 


M. B. WOOD of Ferranti survey some existing installations in the 
U.S.A. 


Continuous numerical control of machine tools—1 


P. S. T. BUCKERFIELD begins an account of the A.E.1. system by 
indicating its attractions to production and methods engineers 


The cybernetic company 


Regarding the industrial company as an integrated living organism, 
STAFFORD BEER of United Steel contends that cybernetic 
researchers may have been looking for the wrong things 


Servo-controls in automobile transmissions 


Mira’s J. G. GILES expects that servo-control will be increasingly 
used in automobiles, and explains why 


The diverse nature of switching 


Dr. A. D. BOOTH, of London University’s Birkbeck College, picks 
the most notable features of a Harvard symposium 


Controlling guided missiles—7 
English Electric’s P. D. BOYER finishes Part E of his article on 
hydraulic servos with some remarks on development, and K. C. 


GARNER of the College of Aeronautics reviews the completed series 
of articles 


Electronic equipment reliability 


CONTROL summarizes papers delivered at last month’s 1.E.E. sym- 
posium on this thorny subject 


REGULAR FEATURES 
Leader: Booking ahead 
Viewpoint: Reliability and simplicity by Peter Negretti 
Control Survey—16: Radiation pyrometers by J. R. Pattison and J. C. J. Wright 
Data sheet—19: Russian control terminology by Z. A. Siemaszko 


Letters to the Editor 81 Ideas applied 
Publisher’s Column 81 News Round-up 
Control in Action 109 New for Control 
Looking Ahead 119 Industrial Publications 
People in Control 120 Book Reviews 

Authors in CONTROL 121 Literature Received 
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LOOKING FOR A JOB? 
control engineering. SEE PAGE 197 AND ONWARDS 
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84 


86 


95 


99 


103 


115 


79 


113 
117 


123 
126 
132 


138 
138 
202 


© 1960 


ENGLAND 


There is 
something here 


for every industry 
where temperature 
has to be measured 


Approximately 900 ‘Pyrotenax’ thermocouples, with 
*Pyrotenax’ 2 and 4 core copper-constantan compensat- 
ing leads and standard 7 core cables, were installed for 
power and temperature instrumentation in the atomic 
reactor where these photographs were taken. The cogent 
reasons for specifying ‘Pyrotenax’ thermocouples on a 
job like this are equally valid in many industrial applica- 
tions—as manufacturers of resins, paints, plastics, 
textiles, colour and chemicals, and a host of other 
products have discovered, for ‘Pyrotenax’ thermocouples 
possess all the qualities listed on the right. 


PYROTENAX LIMITED 





EASILY BENT TO SHAPE 


IMMUNE FROM THERMAL SHOCK 
AND MECHANICAL DAMAGE 


SMALL OVERALL DIAMETER 


permits use in restricted spaces allowing simul- 
taneous readings at different points, where normally 
only one conventional type could be sited, and 
generally 


NO ADDITIONAL PROTECTIVE 
SHEATHING REQUIRED 


RAPID RESPONSE RATE 


comparable with that of mercury-in-glass thermo- 
meter. 


LONG LIFE 
INEXPENSIVELY REPLACED 


they may be used at temperatures far in excess of 
those normally permitted for economic operation. 


PERFECTED BY EXPERIENCE 
Pyrotenax 
THERMOCOUPLES 


The use of the trade name ‘Pyrotenax’ is exclusive to the products 
of this Company and its associates. 


HEBBURN-ON-TYNE ~-_ Tel: Hebburn 83-2244/8 


LONDON : ViCtoric 3745 + BIRMINGHAM: Midland 1265 + MANCHESTER: Deonsgote 3346/7 
“ Tick No 3 on reply card for fusther details 


LEEDS: Leeds 27826 + GLASGOW: City 364//2 + CARDIFF 23689 
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“SLAB” TYPE SYNCHROS 


SIZES 15 AND 23 





Examples of the Sperry range 





7K 
| cs | Voltage ‘ ny 
ie Code Reference Size L Rotor Stator Frequency De Function 
ily SISRS4SL IS | 0-20 0-20| 400c/s | Resolver 
$23RS4SL 23 | 0-60 0-60 400 c/s_ | Resolver 
$23CX4SL 23 115 | 15 400 c/s | Control Transmitter 
10- $23CT4SL | 23 |-4v/deg. 15 400 c/s | Control Transformer 
S23CDX4SL | 23 s | | 400 c/s | Control Differential Transmitter 





: SPERRY 


GYROSCOPE COMPANY LIMITED 
INDUSTRIAL DIVISION 


Great West Road, Brentford, Middlesex 
Telephone: ISLeworth 1241. Telex 23800 





ucts 
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FOR YOUR PRECISE CONTROL REQUIREMENTS... 


ELLIOTT TORQUEMOTORS 


proved tn aviation 


- NOW AVAILABLE AT SHORT NOTICE FOR INDUSTRIAL APPLICATIONS 


Designed to operate under arduous conditions of flight at speeds in excess of that of sound, 
Elliott Torquemotors have special characteristics which make them ideal for industrial applications. 
Unaffected by vibration and sudden shock, reliable at.extremes of temperature, these small, compact 
units are today used in applications ranging from furnace electrode level control to miniature electro- 
cardiographs. Elliott production line techniques make them available more quickly — and at lower cost 
— than any similar units. There is a Torquemotor from the Elliott range to meet your precise control 
requirements. 


Illustrated: Type 276 with A.C. pick off for angular displacement feedback. 
Approx. 2.30" high, 1.805” wide, 1.320" deep. Normal working power 2.5 watts. 
Can be wound for a wide range of impedances. 


SERVO COMPONENTS DIVISION 
ELLIOTT BROTHERS (LONDON) LTD 


CENTURY WORKS : LEWISHAM : SE13 
Ly A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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a career 
in ELECTRONICS 


ASSOCIATED TRANSISTORS LTD. 
is a new and vigorous Company 


associated with 










There are immediate vacancies for: 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 
SEMICONDUCTOR ENGINEERS THE ENGLISH ELECTRIC COMPANY LTD. 


in the Production Engineering Department. The responsi- ERICSSON TELEPHONES LTD. 
bility of this Department is to accept devices resulting from 


research and development programmes and to prepare 
























designs and schedules for pilot production lines. The right Because we are a new organisation, 

men will know the skills needed, and applications are invited 

from those who recognise this work as a challenge. A pro- and sponsored by Companies of such high 
fitable career within this rapidly expanding Company could 

result. 


Quote Ref. Dr. P. M. Tipple repute, there are great opportunities 


CIRCUIT ENGINEERS for men with talent and experience to join 
in the Commercial/Applications Department for liaison - ‘ 
with the design engineers of our associated companies and our organisation. 
customers. Work in this expanding field of interest requires 
. a wide knowledge of circuit design. . If you feel you can make a worthy 


Quote Ref. Mr. J. G. Salmon 


contribution to the work of our present 
TECHNICAL SALES ENGINEERS 


A number of interesting opportunities exist for technical team in helping to solve the 
sales engineers. They should be capable of discussing 


transistor usage with potential customers, and will be sup- 
ported by a highly technical Commercial/Applications De- 
partment. Those who have good commercial understanding 
and appreciation of electronic circuit design problems 


connected with semiconductor usage are invited to apply. * 
Quote Ref. Mr. D. C. P. Gibbs rewarding career ahead of you. 


intriguing problems of designing and 


manufacturing transistors, there is a 








You are invited to communicate with 
us, in strict confidence. 


ASSOCIATED TRANSISTORS LTD 
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T.A.L. NUMATICS 


multiple mount manifolds 


C. SERIES CONDUIT MANIFOLDS 


The M. Series individual exhaust manifolds have each exhaust passage threaded in one side and/or the bottom, and all cylinder ports 
threaded in both sides and/or the bottom of the manifold ...allowing the unit to be piped from any side or combination of sides. 
Unused ports are plugged with standard pipe plugs, and the individual exhaust ports allow the use of T.A.L. Numatic Regulating Valves 
for speed control, and/or silencers. A single inlet port is provided to feed all valves in the centre. The H. Series common exhaust 
manifolds have all exhaust passages ported into two common chambers running the length of the unit and threaded at both ends. The 
cylinder ports are threaded in the bottom face only. A single inlet port is provided in centre to feed all valves. The C. Series T.ALL. 
Numatic Conduit Manifold is a convenient way of simplifying the wiring of a group of solenoids. It provides a common electrical 
housing with a single conduit outlet serving all valves. 


The T.A.L. Numatics Multiple Manifold provides a compact streamlined mounting arrangement, where a number of 
valves are used in one installation. They are available in from two to six stations and in four sizes— 4” and }” 
(identical except for pipe taps) 4” and 3” pipe sizes. All types of valves in any size group may be mounted inter- 
changeably on any manifold station. Blank station plates allow for the future additions to the control system . . . without 
disturbing those stations already in use. 


T.A.L. NUMATICS LTD 


ENERGY WORKS, LEIGHTON BUZZARD, BEDS. 


Tel.: Leighton Buzzard 2581 Telegrams: “ Consult ” Leighton Buzzard 
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ONLY 

SQUARE D 
STARTERS 
WITH 

1-PIECE 
OVERLOAD AQ 
RELAYS #2 


GIVE 


r ports 


F sides. Heat-producing element 
Valves is - os mS 
‘xhaust overioa unit. ts 


is. Th Only Square D makes thermal overload relays gig Permanently joined to 
Ss. The : : solder pot, can’t be- 
oe with 1-PIECE construction—and only with fm come misaligned. 
ctr f Bis . 
"7 1-PIECE construction can you know you’ve 
installed the heater correctly. Square D 
1-PIECE overload relays can be installed 
only one way. They are factory-assembled, 
individually tested and calibrated, com- 
pletely tamper-proof. Repeated: tripping ea a 
will not affect accuracy. : provides accurate re- 
£ sponse to overload, yet 
You pay for overload protection—be~ sure prevents nuisance 
. . tri ing. 
you_get it. Insist on Square D 1-PIECE — 
SQUARE D LIMITED, Cheney Manor, Swindon, Wilts. 


Please send me information on Square D magnetic starters, 
along with your simple 3-minute “‘jig-saw” demonstrator. 


NAME...... 
ADDRESS 


elaine 


LEADERS IN CONTROL GEAR FOR OVER 50 YEARS 
Square D products are stocked by leading electrical wholesalers throughout Great Britain 


) SQUARE J) LIMITED 


izzard CHENEY MANOR SWINDON WILTSHIRE 
— FIELD OFFICES: LONDON ‘ BIRMINGHAM * MANCHESTER * GLASGOW * NEWCASTLE * BRISTOL * LEEDS 
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a complete range of 
DEVICES 


HIGH POWER 
SILICON DIODES 
Ratings 

25 to 250 amperes 
50 to 800 P.I.V. 


Drawings not to scale 


MEDIUM POWER 
SILICON DIODES 


High temperature milita 
types. New economical 
encapsulated series. 
Zener Diodes, 1 and 10 
watt rating. 


International Rectifier have now estab- 
lished their manufacturing facilities at 
Oxted and are able to offer a complete 


range of silicon devices. 

SPECIAL 

SILICON DEVICES 
Solar Cells, Réadout pho- 
tocells, Voltage reference 
packs, High Voltage cart- 
ridge rectifiers, Controlled 
application problems. Rectifiers. 


Our Engineering Department will be 


pleased to examine and advise on your 


Write for Silicon short 
form catalogue just issued. 


INTERNATIONAL RECTIFIER COe “LTD 
OXTED - SURREY - ENGLAND 


Telephone: OXTED 3215 


BRITISH ASSOCIATE COMPANY OF 
INTERNATIONAL RECTIFIER CORP. - CALIFORNIA: U.S.A. 
The world's largest suppliers of industrial metal rectifiers — selenium, germanium and silicon 


Gace 
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Telecommunications 


Two recent major steps in the improvement of world telecom- 
munications have been the laying of the first Trans-Atlantic and the 
California—Hawaii submarine telephone cables. 

When laying cable either on a flat sea bed or over underwater 
mountain ranges, the exact control of paying out speed and tension in 
the cable is of paramount importance. ‘VSG’ variable delivery oil 
hydraulic pumps are used to act as brakes on the cable, which is 
drawn out of the ship by its own weight. This enables a very smooth 
and regulated control to be maintained or instantly varied to suit ship 
speed, paying out speed and tension in the cable. 


‘ It is just another of the highly varied applications of ‘VSG’ 

\\ l) variable delivery pumps and transmission gears which have now been 
serving modern industry for over fifty years. 

Re SERVING MODERN INDUSTRY 


VICKERS ARMSTRONGS (ENGINEERS) LTD VICKERS HOUSE BROADWAY LONDON SW! 
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teleprinters and Tt tape equipment 


e+e 

e@ +6 
e® +@ 

Based on the punched tape technique— 

time-proven in world-wide service— 

Creed equipment today offers you an 

unequalled array of facilities for the 

automatic processing of business data. 

The latest machines . . . the newest 

techniques—all designed to speed, sim- 

plify and economise your operations. 

Whatever your data processing needs— 

a single unit ...a complete system— 

you'll find what you want at Creed. 

Why not discover now more about ‘this 

equipment and how it can serve you? 

Bulletin PT.56 will start you off—a copy 

is yours for the asking. 


TELEPRINTERS 


For instant, accurate, two-way office-to-office 
communication of business data—over any 
distance, between any number of locations. 
A single, initial transmission delivers data at 
destination(s) in printed page form, on multi- 
copy stationery or as punched tape for subse- 
quent automatic processing. 


PUNCHES 


Record, computer output—at 
speeds up.to 300 characters 
per second; Create input data 
tapes (with or without simul- 
taneous page print-out); pro- 
vide automatic ‘common 
language’ punched tapes of 
routine operations of cash 
registers, accounting machines, 
typewriters, etc. 


fae 


-_, 
a 


———— 


i 


ya! 


f 


EDITING EQUIPMENT 
Facilities for verifying, compar- 
ing, correcting, duplicating, 
combining and winding tapes— 
READERS automatically, at high-speed. 


For continuous automatic tele- 
graphic transmission of punch- 
ed tape data at full circuit 
capability; for input of data to 
computers and other tape- 
controlled equipment. 


eee 
i oe 
ae ee ee ee ee ee) 


EDGE PUNCHED CARD 
EQUIPMENT 


Alpha-numeric punching © 
data along edges of unit-record 


cards and tickets with simul- 
valde ae ae 7 ‘ taneous page print-out of coded 
Creed & ¢ OM P any MALL — pom data; automatic high-speed 


ee conversion of edge card data to 
“ee punched tape for telegraphic 
ee-e transmission and/or further 


ane | machine processing. 
aA A 


TELEGRAPH HOUSE CROYDON , SURREY “Tt 


ASSOCIATE 
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New 
Selector 








simplifies 





multi-stage 
bi-directional 


counting 






Multi-tube bi-directional counting has always been an involved and 























ENT expensive procedure requiring the use of many components and careful PROVISIONAL DATA 
compar- circuit design. The need for this facility has become increasingly apparent 
licating, with current developments in electronic weighing, machine tool control, Max. Counting Rate ... ... ... ... ... 10 kp/s 
oa shaft position indicating, computing and similar techniques. Max. Anode Current ... ... ... ... -.. 90 yA 
— In these and allied fields the answer to multi-stage, bi-directional counting Max. Output Pulse with 
is the GS.10.G—the latest addition to the well-known Dekatron range. GER are. BY 
| le ‘ ides” ide gl di , ‘ ‘ Double Pulse Drive — Amplitude... ...— 100 v 
ncorporating routing guides to provide glow-direction sensing, inter- GechteSeln@iteh<sGanstes .. .... See 
decade coupling becomes simple and requires no gating. 
Readout can be made directly from glow position as in other Dekatrons 
but for ideal remote presentation we recommend one of the Digitron 
-ARD register tube series. 
hi Increased ruggedness, even greater reliability and smaller size are 
Teens additional design features which will appeal to the ‘‘electronics’’ designer. 
h simul- 
of coded Enquiries should be addressed to:- 
gh-speed TECHNICAL SERVICES DEPT. 
d data to 
egraphic 
further 


SOE TUBE DIVISION 


BEES TON NOTTINGHAM 





; 


a DEKATRON AND DIGITRON ARE ERICSSON TRADEMARKS 


ERICSSON TELEPHONES LIMITED 
Head Office: 22 LINCOLNS INN FIEL DS, LONDON, W.C.2. Tel: Holborn 6936 
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Empoeel & Gibbs Limited 


WARWICK ROAD BOREHAM WOOD aia TELEPHONE ELSTREE 2291 /2/3/4 
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Wherever information on fluid flow is required, 


the de Havilland POTTERMETER 


sets new standards of accuracy and reliability 








This new turbine-type flowmeter enables major advances to be made 
in the techniques of flow measurement and control. The de Havilland 
Pottermeter is the only flowmeter which offers all these features: 


Accuracy to + 0°1% or better on repetition work, + 0°5°, or better over a 20°1 range. 
Calibration remains constant for a variety of liquids over wide flow ranges. 


Contains only one moving part — no thrust bearings — operates with a minimum of 
maintenance at high temperatures and pressures. 


No larger than the pipeline in which it is installed — may be mounted in any attitude. 


Can be supplied with indicating, recording and process control equipment — gives 
digital presentation of results. 


















Can measure volumetric or mass flows. 


Models available to measure flows from 0°1 to 40,000 Imperial gallons per minute, 
at a wide range of operating pressures. Larger and smaller sizes made to order. 


Can measure flow of any liquid or gas, irrespective of its lubricating or non-lubricating 
properties, at temperatures ranging from -455°F to 1500°F. 


Manufactured as standard in stainless steel — can be made in any non-magnetic material. 
Rapid response rate permits transient flow studies. 
Write now for further details to: 


DE HAVILLAND PROPELLERS LIMITED 
(INDUSTRIAL SALES DIVISION) Hatfield, Herts. 
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TRADE MARK 


# Trade Mark of 
A-MP incorporated, U.S.A. 


The A-MP range of over 15,000 solderiess 
wiring devices covers every requirement of 
electronics, whether the current to be Carried is 
rated in micro-amps or megamps. 


A-MP solderiess terminals and methods of 
joining wire provide the excellent electrical 
and mechanical properties conducive to high 
efficiency, reliability and ease of servicing. 


Countless numbers are already used as 
standard fitments on electronic equipment 
all over the world. 


British manufacturers of electronic equipment 
using A-MP terminations include: 

Bell Punch Co. Ltd 

British insulated Caliender's Cabies Ltd 
Burroughs Adding Machine Ltd 

Cabie & Wireless Ltd 

Collaro Ltd 

Cossor Radio & Television Ltd 

Decca Co. Ltd 

Dictaphone Co. Ltd 

E. K. Cole Ltd 

Electric & Music Industries Ltd 

Elliott Brothers (London) Ltd 

Ferguson Radio Corporation Ltd 

G.P.O. 

Hilger & Watts Ltd 

Honeywell Controls Ltd 

international Computers & Tabulators Ltd 
Leo Computers Ltd 

Marconi's Wireless Telegraph Co. Ltd 
National Cash Register Co. Ltd 

Panellit Ltd 

Plessey Co. Ltd 

Pye Telecommunications Ltd 

Reliance (Cords & Cables) Ltd 

Siemens Edison Swan Ltd 

Solartron Research & Development Ltd 
Sperry Gyroscope Co. Ltd 

S. Smith & Sons (England) Ltd 


WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 


AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD 


Head Office: Dept. 23, AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.1I 
Tel: CHAncery 2902 (7 lines) Cables: AMPLO LONDON TELEX. Telex. 23513 
Works: Scottish Industrial Estate, Port Glasgow, Scotland 


SOUTH AFRICA: DISTRIBUTOR: E. S$. MOWAT & SONS (PTY) LTD. 51-57, MILNE STREET, P.O. BOX 437, DURBAN, NATAL, SOUTH AFRICA 
AUSTRALIA: MANUFACTURING COMPANY: AIRCRAFT-MARINE PRODUCTS: (AUSTRALIA) PTY. LTD. BOX 78 P.O. AUBURN, N.S.W. AUSTRALIA 

DISTRIBUTOR : GREENDALE ENGINEERING AND CABLES PTY. LTD. 43-51 NELSON STREET, ANNANDALE, N.S.W. AUSTRALIA 
ASSOCIATED COMPANIES IN: U.S.A. CANADA, HOLLAND, FRANCE, GERMANY, ITALY, JAPAN AND PUERTO RICO 
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Every day, vou Have 2,501 
carcasses to meet 3,476 
orders for various quantities 
of 23 different cuts. Produce 
cutting schedule for mini- 


if y ou mum waste. 


are faced 


You have 1,500 licensed 
premises and 300 stock items. 


y. ue 
“4 
' . . ee 
i tt Produce, daily, the individual 


and total current stock posi- 
tion with value. 


uke these 


Your rolling mills handle 10 
tons of steel every 2 minutes. 
Produce an accurate and 
economic cutting plan for 
every billet. 


Essential equipment for the modern business . . . not 
only has this computer obvious advantages of com- 
pactness, low cost and convenience, it is simple for 
you to operate and simple for us to maintain . . . and 
eliminates the need for experts. 


TEST THE 803 ON YOUR OWN WORK... 
You must see and test the 803 in operation on your 
particular problems. Please telephone or write to us 


IRING and we will gladly arrange for you to do so. 


LTD 


For Scientific and Industrial Applications For Business Applications 


ELLIOTT BROTHERS (LONDON) LTD NATIONAL GASH REGISTER CO LTD 


Elstree Way, Borehamwood, Herts 206-216 Marylebone Rd, London NW1 
Telephone: ELStree 2040 Telephone: PADdington 7070 903-0 
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Now even better — 


Available now for all millivoltage and 
temperature measurements, in single-, 2-, 3-, 
4-, 6-, 8-, 12- and 16-point form 


* 2-second full-scale pointer travel— 
deadbeat, no “ overshoot ” 


* Entirely mains operated 
* Chart speed variable from } in./h to 4 in./min 
* High-gain amplifier covering wide 

range of a.c. and d.c. inputs 


* Sealed servo-motor unit with 
built-in tachogenerator 


* Plug-in units and interchangeable 
sub-assemblies 


= 
es 


mark 3 multelec electronic 
strip-chart recorder 


-with a great new GAIN 


The Type 3 Reference Unit 


an 


we 


\ 


An extremely accurate constant-voltage source providing 
the necessary highly stable d.c. supply for the 

slidewire of the instrument measuring circuit. 

This compact plug-in assembly, entirely constructed of 
solid-state components, completely dispenses with 
conventional standardizing mechanism: no batteries, 
standard cell or synchronous converter. Employs two 
temperature-compensated Zener diodes in cascade. 


NIE 


Accuracy: + 0-05%, (at 40°C; nominal supply) 
Output variation: less than + 0-05%, for + 30°C 
less than + 0-05%, for + 10% supply variation 


Write for Publications 293, 295 and 358 or telephone General 
Industrial Contracts Dept. (Luton 2440, Ext. 8) for a quotation. 


SES. 










jp Wj) 


masters of instrumentation 
















GEORGE KENT LIMITED , LUTON BEDFORDSHIRE . ENGLAND 
Telephone: Luton 2440 Cables and Telegraris: Kents Luton Telex 
Factories, Subsidiary Companies, and Branch Offices in London - Toronto - Montreal - Vancouver - Melbourne - Sydney 


Johannesburg - Salisbury - Penang - Bangkok - Brussels - Krefeld - Vienna 
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in every aspect of industrial 
electrical and electronic equip 


Designers and manufacturers have been quick to 
appreciate the advantanges of T.M.C. ZETTLER 
RELAYS. The number of applications for which 
they are used increases daily. They give utmost J 

reliability and handle power from microwatts to v Which accommodate mercury tubes for 
kilowatts. Where space is limited, their choice is | SWitching large loads. 

destined to become a matter of course. 


Y With plastic covers for protection in transit 
and to keep out the dust when installed. 


of With latching features. 
There are T.M.C. Zettier Relays — 
4 With gold flashed contacts to give maximum With twinned contacts. 
liability. 
sas: SY To MIL specifications as used by NATO. 
alk With injection moulded nylon lifting pins 
to give high stability. The three T.M.C. Zettler Relays illustrated—actTuaL 


SIZES —are examples of the many types available. 
“i With a wide range of operating coils. They extend T.M.C.’s already wide range and make- 


T ay _ t BEST 


as Please write for illustrated literature 
AND 


1 Telex TELEPHONE MANUFACTURING COMPANY LIMITED 
sydney Relay Division C + Hollingsworth Works - London SE21 - Telephone: GiPsy Hill 2211 
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Now=-control at lower cost 
fluid, powder and granular 
material level 














These simple rugged units- 
operated by the controlled 
material causing electrical 
capacitance change between 
the probe inserted through the 
wall of the container-are fully 
transistorised. Advanced de- 
sign and production techniques 
make possible high perform- 
ance and reliability at a lower 
price than ever before. 





Universal mounting 
brackets 
Heavy duty relay of 
proved reliability 


3. Covers seaied 
against dirt ingress 10 















For adherent materia 


. Calibrated preset probe. 


4. Substantial adjustment for ease 
die cast light alloy of setting up 
construction 11. Fittings arranged to 


S. Provision for foot suit all types of probe 
mounting 12. Substantial die cast 
6. Conduit entries for housing 
incoming cables 13. 












Conduit entry for 
7. Simple circuit incoming cabies 











8. Stainiess steel 14. Simple fully 
fittings teansistorised circuit 
Ss. Withdrawable printed 15. Seaied against ingress 















circuit card of dirt 





i 

& 

+e | 
id 









Heavy duty probe for coal, stone and similar 


Units are being used to indicate and control the level of, ™***"*'* 


beer, bicarbonate of soda, brine, bonemeal, cashews, 
carbide, cement, cereals, chalk, chemicals, chocolate, clay, 
coal, coke, fertilizer, flour, flue-dust, fruit juices, glass 
marbles, glucose, gravel, hydrochloric acid, lime, malt, milk, _2t¢¢ versions for vehicle use—flush and 
oils, oily water, peas, peat, petrol, plaster, plastic granules, S¥sPension probes—intrinsically safe and 
plastic powder, rubber, sand, salt, sawdust, seeds, sugar, other units for all forms of specialised 
water, wood chips, wood pulp. application. 


A comprehensive range of accessories 


and variations is available— battery oper- 







LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LIMITED 





“a RUGELEY STAFFORDSHIRE ENGLAND 


Manufacturers of the world's widest range of industrial electronic control equipment 
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similar 


sories 
oper- 
n and 
eand 


alised 


PHILIPS 


MINIATURE RELURDC 


TYPE PR 2400A 


FEATURES Small panel space of 144 x 144 mm 
(approx. 5}” x 5}”) - Reliable null-balancing potentiometer 
system - Easily interchangeable ranges - Transistorized 
plug-in amplifier with printed wiring - Unique chart- 
winding system - High indicating speed and critical 
damping - Scale calibration for mV or all conventional 
thermocouples - Completely mains operated. 


RECORDING SECTION Strip chart, width 100 mm, 
length approx. 9 m. The chart is wound into an exchange- 
able casette. Visible length of 100 mm. After opening the 
door the chart can be pulled out over a length of 80 cm. 
Chart returns automatically into the casette. 


CHART-SPEED With built-in gear box 3 different 
speeds can be selected: 10, 20 and 60 mm/h. Can be 
supplied with electro-mechanical clutch so that by means 


of external switch, chart movement can be accelerated by a 
factor of 60. 


This photograph shows the lighter weight and 
compact size of the plug-in transistorized amplifier. 


CONTROL June 1960 


Miniature mV-Recorder 


MINIMUM SPAN 5 mV - MAXIMUM SPAN 250 mV 
ACCURACY 0°5°%,; the accuracy can be maintained after 
exchange of range box. 

REPRODUCIBILITY 0:2°/, of span - SCALE LENGTH 100 mm. 
STABILITY 10°, mains variations have an 

influence of less than 0-1°, 

BALANCING SPEED Less than 1 sec. for full scale 
deflection; damping critically adjustable. 


RECORDING With flexible capillary stylus supplied 
from sealed ink container mounted under measuring 
carriage. Line thickness approx. 0-3 mm. 


CONSTRUCTION Sheet-metal case in grey hammer- 
tone with all plastic door. Front dimensions 144 x 144 mm; 
depth 510 mm; panel opening 138 x 138 mm. (5}” x §}”°— 
20°—5}” x 54”). 


PRODUCT OF PHILIPS, EINDHOVEN, HOLLAND 
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Neu! valves in the BICC A tange 


DOUBLE BEAT 
CONTROL VALVE 
Type DB/15 





Designed to meet the demand for a valve giving full flow 





characteristics and other essentials of modern control 
equipment. The valve body is of cast alloy steel with 
fully characterised stainless steel internals, stellited 
guides, spindles and seat facings. Nitralloy bushes 
reduce friction and wear. Special materials and gland 
arrangements for process work can be quoted on request. 
Produced in sizes 14” to 4” for pressures up to 750 p.s.i. 
at 900° F; larger sizes will be available later in 1960. 
Standard extras include sealing gland, gland lubrication, 
cooling bonnet and manual control gear. 


UNIFLOW SPLIT 


BODY VALVE 
Type 1000 








Fulfils the requirements of the Chemical, Petroleum and 
Process Industries for a valve that is easy to maintain 
but capable of withstanding arduous service with corrosive 
media. 
The valves range in size from |” to 6” and are arranged for 
operation at pressures up to 600 p.s.i. at temperatures of 750° F. 
The integral valve positioner is of the pneumatic or electro- 
pneumatic type, suitable for operation with air servo supply 
of 2 to 24 p.s.i. 


Also available from BRITISH ARCA REGULATORS LTD., 
is the extensive range of hydraulic and pneumatic equipment 

of Skinner Solenoid Valves, Rivett Controls, AllenAir Cylinders, 
Versa Controls, Atkomatic Solenoid Valves, and Oil-dyne 
Hydraulic Power Packs. 


BRITISH CRSP) REGULATORS LIMITED 
SISSON ROAD . GLOUCESTER . ENGLAND 











Telephone: GLOUCESTER 24991 Telegrams: Arcaregul, Gloucester London Office: 25 Victoria Street, London, S.W.1, Telephone: ABBey 4/2! 
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PO154 
P0165 
P0172 
PO201 
PO1L74 
P0185 


Introducing... 
The Short simLac 


to be more exact 
THE SHORT SIMLAC ANALOGUE COMPUTOR 


Shorts, who have produced more analogue computing equipment 
than any other company outside the USA, have built all 

their experience into the new SIMLAC high accuracy analogue 
computor. The instrument is designed for the computor user 

and equipped to his specification. Easy to operate, 

simple to set up, with greater flexibility and higher operating 
standards than those of any comparable computor in 

the world today, the SIMLAC has a virtually unlimited range. 

Itis suited in particular to problems of nuclear kinetics, 

chemical process control and electrical generation. 


0.01% oven-stabilised computing elements 


Detachable patch panels give complete flexibility without crossed cords 
Repetitive and continuous operation 


Unique high performance amplifier 


Unrivalled comprehensive automatic selection, setting and checking systems 


i 


Punched tape programming as optional extra 


Write for illustrated brochure and data sheets to 


COMPUTOR SALES DEPARTMENT HORT BROTHERS & HARLAND LTD 


EAST INDIA HOUSE, 208a REGENT STREET, LONDON, W.1, 
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All Liquids and Gases can 

be positively controlled 

by an Alcon Solenoid or 
Aco Air-Operated Valve. Sizes 
from }” B.S.P. to 8” Bore. Pressures 
up to 1,500 p.s.i. Temperatures up 
to 300°C. Body materials to suit all 
media including corrosive acids, with 
Standard, Weatherproof or Buxton 
Certified Flameproof Solenoid Hous- 
ings. Glandless, Fluon Glands or 
Stainless Steel Bellows Glands. 


AIR-OPERATED Type AOD 
—Heavy duty air operated units individu- 
ally designed for control applications 
beyond capabilities of Solenoid types. For 
pressures up to 1,500 p.s.i. Sizes }” 
B.S.P.—8” Bore. 


SPC.3—Three-way valves for 
electro-pneumatic control systems. Sizes 
up to $” B.S.P. for use with air up to 
150 p.s.i. 


MIDGET Type ACO—Sizes 
up to }” B.S.P., used for control of air, 
gases, water, oil at pressures up to 300 
p.s.i. Single way—Reverse acting—Three- 
way types available. 


ACH—Hand Reset type, clos- 
ing automatically on current failure, for 
low and medium pressures. Sizes from }” 
B.S.P. to 6” Bore. Inexpensive, simple 
construction, reliable in operation. Also 
available type ACHL. Lever operated for 

use with steam, hot 
water and pre-heated 
fuel oils. 


‘Phone : SUTton Coldfield 5227-8-9 


ALEXANDER CONTROLS LTD., REDDICAP HILL, SUTTON COLDFIELD, WARWICKSHIRE 
A MEMBER OF THE CONCENTRIC GROUP OF COMPANIES 
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Mica Products 


Get to know more about the Delanco 
Mica service. We can assist you in 
the choice of grade and 
type most suitable for the purpose 
required, and give the best 
possible service and attention to 
your requirements. We have our own well 
equipped tool sections staffed 
by operators who know, from years of 
experience, the most efficient 
methods of dealing with the 
various grades in this medium and 
extreme accuracy of tooling. 


Mica segments. Com- 
COMMUTATORS. mutator end segments. 


LAMPS. Mica Baffle plates. 


Mica valvebridges to 
RADIO VALVES. the very close 


tolerances needed. 


Wire wound mica 
aa elements, Mica washers, 
” separators, Flexible Mica. 


SWITCHGEAR. Built up Mica washers. 


Mica washers, Mica 
RADIO AND TV. Trimmer plates. 


en Mica heater elements, 


Ss. wound. 


Mica heater elements, 
TOASTERS. wound. 


CAPACITORS. Mica Plates. 


Tubular eyelets can be fitted to Mica parts, or 
supplied separately. 


All manufacturing processes including splitting, 
gauging, punching and checking, and inspection 
are carried out at Delanco Mica Division, at our 
Leonard Street E.C.2. factory. 


Delowce mica 
Anglo-American Vulcanized Fibre Co. Ltd 


MICA DIVISION - CAYTON WORKS - BATH STREET - LONDON - E.C.1 
Telephone: CLE 3271 Grams: PROMPSERV, AVE, LONDON 
DELANCO WORKS - LEONARD STREET - LONDON «: E.C.2 
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Interesting, of course, Smithers... . 


= CONTROL June 1960 


but scarcely fundamental 


Take heart, Mr. Smithers. Your learned friend may be 


rising seventy by the time another fundamental discovery 
really stirs his blood. 


As a technologist, Mr. Smithers, you rightly direct most of 
your reading time to the study of as many applications as 


possible of principles that already exist. 


That, Mr. Smithers, is the simple reason why Control 
confines itself to applied science. There are so many 
new applications yet to come (some may even be called 
discoveries); sO many existing that could be extended ; so 
many exciting instruments and systems to make the most of 
—so much to do! } 


One last word, if we may, Mr. Smithers. Your subscription 
to Control runs out in June. We know from statistics 
that Control is the journal you make the most use 
of. (Is it not the heart and soul of your private indexed 
reference file ?) So, Mr. Smithers, if you have not already 
renewed, could we direct your attention to the pre-paid 
postcard you will find facing page 82. 





nts system 
& came ra 


nstrume 
M731 recordin 


camera is a robust instrument 
feed, or drum 


This camera 


The M731 recording 
capable of taking single shot, continuous 
s on either 35 or 70 mm. film or paper. 


has a remarkably wide speed range. 


record 


Th 
e solution to your problem 
s 


TRACE READER® 


SOUTHERN 
INSTRUMEN 
TS L 
IMITED CAMBERLEY SURREY 
. CAMBERLEY 
3401 
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AUTOMATIC 
REMOTE 
CONTROLLED 
data logging and print out 


= (2{e222222=-= 
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with an 


IBM electric typewriter 


IBM Input-Output Writers give the flexibility and the first-class appearance of IBM 
electric typewriting. 


* Output models equipped with 12 or 44 magnet-operated character keys in addition to tab, 
carriage return and space-bar. 


* Input models equipped with contacts on all keys—tab, carriage return, space-bar etc. 
* Input/Output models equipped with both solenoids and contacts are also available. 
* Full range of type styles and carriage lengths 


For further details, please write to : 
IBM UNITED KINGDOM LIMITED - 101 WIGMORE STREET - LONDON W.1 Telephone: WELbeck 6600 


ELECTRIC TYPEWRITERS - DATA PROCESSING - INTERNATIONAL TIME RECORDERS 
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USE G.W.B. CONTROL GEAR 


Transfer machines have developed so rapidly in 
the past few years that their control systems have 
become exceedingly complex. The Austin Motor 
Co., Ltd., specify that control gear used in their 
transfer lines, such as that illustrated, must have 
the highest possible standard of reliability with 
the minimum servicing requirements, thus ensuring 
that production programmes are maintained. 
Every unit head in this line, engaged on machin- 
ing cylinder blocks for the “Austin Seven’’, has 
its own standard control panel containing G.W.B. 
50V D.C. operated contactors, chosen for their 
efficiency and reliability in operation. 


» 


G.W.B. FURNACES LIMITED (conTROL GEAR DiviSsION) 


P.O. BOX 4 * DIBDALE WORKS + DUDLEY + WORCS. Telephone: Dudley 55455 (9 lines) 
ASSOCIATED WITH: GIBBONS BROS. LTD. & WILD-BARFIELD ELECTRIC FURNACES LTD. omia 
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(9 lines) 


Gwe 253 


» 1960 
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Midget 
R.F.Chokes 


We are now supplying 
chokes to most of the major 
electronics organisations 
in this country—and to many 


overseas companies, as well. 


A representative range 
of Midget R.F. chokes is shown 
in our standard list: 
but if this does not cover 
your production requirements 
we shail be pleased 
to consider other designs on 
hearing of your special needs. 


Your first move 
is to send for leafiet RFC 1/1. 


Painton & Co.Ltd. 


KINGSTHORPE NORTHAMPTON. 


Tel: 34251 (10 lines) - Grams ‘'Ceil, Northampton’ 
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Silicon Controlled 
Rectifiers 
NOW IN QUANTITY PRODUCTION 


Some of the applications: 
Motor Control 
D.C.-A.C. conversion 

Frequency conversion 
Phase-controlled D.C. power supply 
Static switching 


Ignition firing and numerous other 
applications in the aircraft, 
instrumentation and process control fields 


+ + + + & 


Ratings 













: Suse s inv A. 
il wk ek 
current power current power 
volts amp. watts volts amp. watts 
CX10/25 10 0- CX5/25 25 5 0-1 
CX10/50 10 0- CX5/50 50 5 0-1 
CX10/75 10 0- CX5/75 75 5 0-1 
CX10/100 10 0- CX5/100 100 5 0-1 
CX10/150 10 0- CX5/150 150 5 0-1 
CX 10/200 10 0- CX5/200 200 S 0-1 
CX10/250 10 0- CX5/250 250 5 0-1 
CX10/300 10 0- CX5/300 300 5 0-1 





Write for full details to: 


Associated Electrical Industries Limited 


Electronic Apparatus Division 


VALVE AND SEMICONDUCTOR SALES 
LINCOLN, ENGLAND 
ASSI2 
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Thorn 
Miniature Indicator 
Lampholders 
the only range 
adaptable to one 
type of Service 
approved 



















Press-to-test switches Indicator and Dimmer caps Sealed Panel Lampholders 2-way Multiple Lampholder 


Three or five-terminal versions and bases Designed to ensure reliability For block indicator signs em- 
available; the latter providing Inter-changeability between under severe conditions of ser- ploying two lamps behind a 
3% circuit variations. Soldertag | caps and bases providesmaxi- _—vice. Waterproof, fireproofand translucent screen carrying 
or screw terminals to choice. | ™umflexibilitywithintherange. shockproof, they are primarily | the desired legend. Each unit 
All bases will take dimmer, flat Wide variety of cap colours intended for aircraft, armoured _ will fit into a channel section 


available; ee oe solder ter- vehicles and military equip- mounting and any number may 
minals, panel return or insu- 


tated. to chelce, Olmmer has ment. Dimmer and Indicator be stacked in this manner. 
mates rotary shutter with built Caps available in a wide range 2 Pole Solder tag connections 


top indicator or indicator caps; 
full range of colours available. 
The switches are vibration- 





proof and maintain pre-deter- in stops. Indicator caps are  f colours. 2 pole lampholder = to each lamp position; lamp 
mined contact pressures. facet cut for maximum visi- body. extraction facilitated by spring 
bility. The Flat Top Indicator loading on individual collets. A 


can carry an engraved legend. 6-way version is also available. 







(ACTUAL SIZE) 
Available rated at 
1-25, 4, 6, 12 and 28 
volts. 


ited This is the lamp... The Atlas Midget Panel Lamp... 


OTHER MINIATURE LAMPS AVAILABLE only -370” long by -182” dia. rated at 6 volts -06 amp. 





+ E 
\Thore Special Products Division (Incorporating Components and Connectors), Thorn Electrical Industries Ltd. 
Great Cambridge Road, Enfield, Middx. Tel: ENField 5353 Dtv 


————<—<—— 
ASSI2 
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USE SYNTHESISERS 


W h e ni A new concept in signal generators 


THEY MAKE OTHER SIGNAL GENERATORS OBSOLETE 


XUA 1I0c’/s to 30 mc/s in I-cycle increments 


y 0 UJ XUB zero to 10 Kc/s in 50-millicycle increments 
; =i 






ee 





The types XUA and XUB Frequency Synthesisers are crystal controlled 
precision signal generators which together will produce a precise 
frequency anywhere between the limits of 1 millicycle and 1 kilomegacycle. 
. 3 They simplify and enable quick solutions to be obtained to the most 
difficult problems met with in the development of oscillators, filters and 
D re C i S e resonant circuits, including the VLF and servo fields. Can be used inde- 
pendently or in cascade. Stability and discrimination is 100 to 1,000 times 

better than with conventional generators. 
Versatility is considerably increased by adding Accessory Units— 


Enograph Recorder—Selective Amplifier ASV—Ten-times Frequency 
lr e Ul bE n C Multiplier XVD—Phasemeter PZN. With these, automatic recording of 
drift, bandwidth, amplitude and phase versus frequency response can 


be made, quickly, in the range zero to 300 mc/s. Other units are 
available to extend measurements beyond 3,000 mc/s. 





















Write or *phone for complete 
details of this most modern 
method of quick, precise 
measurement —just one 
example of the superb equip- 
ment we have available. 








AVEL-INFORMATION brings you current informa- 


tion on the latest in measuring techniques, equipment 
and components—please write for copy. 









SOUTH OCKENDON ESSEX TELEPHONE: SOUTH OCKENDON 3444 TELEX 24120 AVELOCKENDON 


P 


@ AVELEY ELECTRIC LIMITED 
ELEY BSS 
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trolled 
| precise 
~gacycle. 
the most 
ters and 
sed inde- 
00 times 


Units— 
equency 
ding of 
nse can 
nits are 


In-line Digital Display 


Type numbers 


Operating Voltage 


Power Consumption 


Figures 
Case 


Weight 


Think of a number 


—from 1 to 12, or any combination of letters, symbols or fractions, 


in white or colour, projected in clear, bold characters on to 


a screen for one plane presentation—and you will see the 


tremendous application of this C.I. Digital Display Unit. 


-A system of 12 lamps which can be remotely controlled, 


projects through a system of lenses the figure, letter or symbol 


of your choice on to a viewing screen. Moreover, any 


number of these units may be grouped together or panel 


mounted with a common screen. Alignment is assured with 


perfect eye-appeal and a very wide angle of viewing. 


600 (for 6-3 volts). 


6-3 volts, standard; 
also available 12 or 24 volts. 


2 watts. 


Illuminated. 
1” high by §” wide. 


Matt black plastic 
with 2 fixing holes. 


10 ounces. 


Counting Instruments Ltd « Elstree Way 
uh Telephone: ELStree 1382 


CONTROL June 


1960 


Single or grouped units 


* Boreham Wood °: Hertfordshire * England 
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POWER 
SERIES 


HERMETIC 
SERIES 


SUB-MINIATURE 
SERIES 


aaaH 
a eb 


Electrical 
(eee Connectors 


MINIATURE Canes 
SERIES * Precision Mouldings 


* Gold-plated Contacts 


SUB-MINIATURE ROUND STACKABLE 
SERIES SERIES 


MINIATURE ROUND Illustrated technical data sent on request: 


SERIES 
ELECTRO METHODS LTD., Electrical Connector Divisio: 


Tick No 35 | d for further details 
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q Degussa 
Thermocouple 
Assemblies 


suitable for continuous 
working under varied con- 
ditions and temperatures 
up to 1800°C. Bare Thermo- 


coxniewirenatcaioves = DEGUSSA 
ina. HANAU 


Degussa ) 
Compensating 


Leads 
as bare wires or with 
various coverings. 
Solid or stranded 
conductors; single, 
double or multicore 
cables, according to 
requirements. 


Degussit 
Oxide Ceramic 


Tubes 


(including pure sintered 
alumina, particularly for 
use with rare metals). 
Very large range of 
single or multibore tubes 
and sheaths in various 
oxide ceramics with the 
highest thermal, chem- 
ical, mechanical and 
electrical properties for 
protecting thermo- 
couples against heat and 
corrosion. 


Degussa Resistance 
Thermometers 


BUSH BEACH & SEGNER BAYLEY LTD. ee 


AA Elements only supplied, or com- 


‘ Sa plete assemblies suitable for the 
St. James’ House - 44 Brazennose Street * Manchester 2. most arduous conditions. Tem- 


Tel : Deansgate 5134-8 Telex : Chemicals, Manchester 66180 Ne eae tere ee Seer 
Special requirements considered. 


CONTROL June 1960 
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“Just look at this list *... RADIOVISOR SMOKE 
DENSITY CONTROL EQUIPMENT MUST 


CERTAINLY DO ITS JOB WELL...” 


* GUINNESS 





FORD 
MONSANTO 
1.C.1. “ae 
ILFORD 


TATE & LYLE © * 


| 
a= FY = GY 


==» 


ae 















. . . and these are just a few of the many well-known 
Companies who use Radiovisor Smoke Density Indicators and Recorders 


for efficient combustion and to comply with the Clean Air Act. 


Telephone or write for full particulars to :- 


RADIOVISOR PARENT LIMITED 
STANHOPE WORKS, HIGH PATH, LONDON, S.W.19 
Telephone: CHErrywood 335! Telegrams: Radivisor London $.W.19 














eal 
RADIOVISOR 





> 1927 
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ONE OF OUR 
BIGGEST JOBS 1S 
TO GET PEOPLE TO REAL'SE 
THAT WEDONT. JUST 
MAKE THE WORLDS FINEST 
T/V AND RADIO SETS 
(WELL WE CANT HELPIT 
IF THATS WHAT 
THEY CALL THEM) 


— THIS FREQUENCY 
¢ TO ANALOGUE CONVERTER 
MRC 2061 


' 
ye / 
\N 6 AMMR— 
- THAT WE 
= DONT IVST 
MAKETHE 
= WORLD'S ‘ 
- FINEST - ~ 
1 OW YES 
, » \ 


WE ALSO TVRN \ 
OUT A LOT OF REALLY 
OUTSTANDING INDUSTRIAL 
CONTROL PRODUCTS 

LIKE 


—AND THIS 


TRI? AMPLIFIER 
MRC2001 


Of ene 


9 COME TO THINK OF \ 
f IT WEVE BEEN MAKING 
SPECIALISED ELECTRONIC 
DEVICES SINCE 1939 
j AND DOING IT §Q WELLAND 
SELLING SOmUCH OF IT THAT 
WE GET JUST A BIT HURT 
WHEN PEOPLE SAY-‘AH. 
MURPHY. - OF COURSE,— 
WORLDS FINEST TV 4 
AND RADIO SETS! 


= =» 


MURPHY RADIO LIMITED 
ELECTRONICS DIVISION 
WELWYN GARDEN CITY, HERTS. 
Telephone: Welwyn Garden 3434 
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— AND THIS BELT 
WEIGHER INTEGRATING 
METER. 


(WELL IF THAT 
DOESNT D0 THE 
TRICK AND GET THEM 
SENDING IN FOROUR 
LITERATURE ABOUT 

ALL THAT INDUSTRIAL 

CONTROL 
EQUIPMENT. ++) 
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control engineering— 


The experience gained by this Company over many years of Control 


Engineering in almost every industry, together with considerable 
resources for research and development are available to you for the 


solution of your present and future control problems. 


ENGLISH ELECTRIC’ 


control gear 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 


Control Gear Division, Kidsgrove, Stoke-on-Trent, Staffs. Tel: Kidsgrove 2141/3 


WORKS: STAFFORD ~ PRESTON RUGBY 
CGIJA 


BRADFORD : LIVERPOOL R ACCRINGTON 
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TAPE OPERATED EQUIPMENT 


OLLEGTS 
THE FAGTS 


FROM FAR AND WIDE 
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This latest range of FRIDEN IpDP equipment 
will collect data from any number of 
points and punches it onto tape at a data 
processing centre. The FRIDEN 8 channel 
tape code is used throughout the system, 
which consists of two basic units; the 
transmitter, which can be designed to 
read either tape and edge punched cards, 
or tabulating cards, and is connected by 
common cable to the receiver; which 
punches tape and may be fitted with a 
Time Code Emitter to record on the 
tape the time each transmission is 
received. 

The great advantages of this system are 
its speed, simplicity, and freedom from 
those inevitable transcription errors 
of manual recording and collection of 
data. Amongst its other important 
features are: provision at the trans- 
mitter for identification of each type of 
transmission; checking at the receiver 
for odd parity ofeach code asitis punched, 
which results in automatic operation of 
an Error Indicator on the transmitter 
calling for repeat transmission; a Line 
Busy Indicator on the transmitter which 
suspends operation, and automatically 
allows transmission when the line is 
clear; transmission will not commence 
should a data card be wrongly inserted; 
a special code at the end of a card ‘holds’ 
the line clear for any further trans- 
missions required; up to 18 digits of 
variable data may be set up on the 
transmitter itself, to be sent whenever a 
transfer code is read. The scope of the 
FRIDEN COLLECTADATA is enormous, and any 
attempt to detail its applications here 
would be quite impossible. Three of the 
most significant are Production Control, 
Time Recording and Stock Control, but 
anyone conversant with the executive 
and administrative operations of com- 
merce and industry will envisage many 
other potential fields of use. 


BUSINESS MACHINES LTD 


BULMERS have now attained a leading 
position in this sphere of mp, and their 
team of specialists is at your disposal, 
for general discussion or to advise on any 
specific problem. Please write to arrange 
an appointment or to obtain full details 
of ‘COLLECTADATA’ and other FRIDEN IDP 
equipment; 

Bulmers Business Machines Ltd., 47-51 
Worship St., London EC2. Tel: mon. 9791. 


DTV A27 
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Ba ancing Motor 

has sectional housing, 
leakproof oil wick, 
printed circuits for 
simplified servicing. 
Any major part can be 
replaced in 2 minutes. 


Constant Voltage Module 
—Uses Zener diodes and 
an ambient tempera- 
ture compensator to 
replace standardizing 
mechanism. 


—Contains easily-changed 
range spool panels and 
vernier adjustment. 
Range is changed simply 
by replacing screw-clip 
panels of fixed resistors. 
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Quick connect design permits fast, easy 
removal for servicing and replacement. 
Circle shows quick-connect plug. 


CONTROL June 


1960 
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New modular des 
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in... 


makes ZlectroniX potentiometers 


easier to use and maintain 


Now, four great new features add new operating 
and servicing ease to all ElectroniK circular and 
strip chart potentiometers. 


@ New balancing and chart drive motors are sectionalized so 
that any major part can be replaced in two minutes. 


@ A new constant voltage unit replaces batteries, standard 
cells and standardizing mechanisms. 


@ A new measuring circuit, with quick-change range spools, 
simplifies range changing and reduces stray pickup. 


@ A quick-connect feature permits removal of amplifier for 
servicing and its quick replacement. 


Now, modular design is combined with the tradi- 
tional precision of ElectroniK potentiometers, to 
give you a greater value than ever in accurate, 
dependable measurement and control. 


For full details write to Honeywell Controls 
Ltd, Ruislip Road East, Greenford, Middlesex. 
WAXlow 2333. 


Honeywell 
Fut wn Coutool 


SINCE 1885 
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Even if it’s not one of ours 


RELAYS 


LIMITED 


B& R RELAYS LIMITED : TEMPLE FIELDS 
Telephone: Harlow 25231/4 
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You know that you can always avail yourself 
of the B. & R. Technical Sales Service. But 
you may not know that we run a special 
emergency service. Should you meet a 
problem—even if it’s not strictly speaking a 
relay matter—pick up the ’phone and ask for 
B. & R. Emergency: we'll be there. At the 
double. 


It isn’t the thin end of a wedge. The stress is on 
Technical Service; all our chaps have served 
trade apprenticeships. (Let’s face it, we often 
find ourselves wishing our Sales Engineers 


were salesmen more and engineers less). 


When you’re in trouble see what service really 
means—get in touch with B. & R. 


" HARLOW : ESSEX 
Member of the Gas Purification Group. 
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Now...Stepless control of Electric Heat Input 
eer 
with L& N’s (ew 0. A.T. control system 


f your process uses electric heating equipment it will pay you to learn about L & N’s new 

current-adjusting type control for continuous efficient power output in saturable core 
reactor systems. It is already in use on applications like crystal growing, strip annealing, 
nuclear material testing, glass feeder control and electric Furnaces generally. This method 
permits stepless and rapid regulation of power output over the entire operating range of 
saturable core reactors. The wide range of adjustment of proportional, reset and rate actions 
facilitates tuning the system to your process, product and production. 

C.A.T. control is a complete system consisting of: (1) A primary Element, (2) Speedomax 
‘R’ Recorder, (3) C.A.T. Controller, and (4) A Magnetic Amplifier and Saturable Core 
Reactor in one unit. 

Heart of the system is the C.A.T. Controller. Any temperature change detected by the 
primary element and measured by the recorder is fed to a C.A.T. Continuous d-c output of 
the unit over 0 to 5ma range drives a magnetic amplifier, the d-c output being fed to the 
control windings of a saturab!e core reactor for continuous regulation of power input 
to the process. 


For more information contact your nearest Field 
Representative or write for Data Sheet ND4(7a). 


INTEGRA, LEEDS & NORTHRUP LTD. 
183 Broad Street Birmingham |5 


Phone: Midland 1453/5 Telegrams: Flometer, Birmingham 
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=p 3 GECALLOY TOROIDAL CORES 


for high quality inductors 


GECALLOY CORED INDUCTORS HAVE THE OUTSTANDING QUALITIES OF 


I. High stability of inductance with time. 5. Low temperature coefficient of about 120 parts/ 





108/°C. 
2. Magnetic stability i.e. Small change of inductance | : 
after subjection to saturation flux density. 6. Almost zero temperature coefficient of frequency 
when used in a tuned mesh with a polystyrene cap- 
3. Low loss — high Q. acitor. 
4. Low harmonic distortion. 7. Negligible external field. 

















DIMENSIONAL DATA 


CODE ae DIA. INSIDE DIA = CODE wade DIA INSIDE DIA | THICKNESS 


[ame [3040 [270 | 6 98 om.) soee...1..2eee.| ee, 
ee |G2_ | 58:00 | 35:00 | 17°50 | 
[esa] 31-80 | 1590 _9-sa 


| G6 | 70:00 | 46-00 2090 
[G33 | 3300 | 2220 | :«10-00 | 20] See | See 


















rea | 3610 | 2600 reco a0} rea | a 
[634 | 40:00 | 2600 _| res0| 20°32 | 12-70 | 6:35 





Ed 
|G4_ | 4250 | 2600 | 660 | 


| G56] 22-66 | 13-97 | 7-62 
|G4A| 42°50 | 2600 | 14°50 | 


res7| 2692 | 14-73 | 118 





FULL DETAILS OF RANGE AVAILABLE ON REQUEST 


GECALLOY CORES ARE IDEAL FOR :— 


FILTER APPLICATIONS + AUDIO FREQUENCY TUNED CIRCUITS - CHOKE COILS 
TRANSISTOR INVERTOR TRANSFORMERS - INTERFERENCE SUPPRESSORS 
STABILISING CHOKES FOR FLUORESCENT LAMPS USED AT AUDIO FREQUENCIES 
INDUCTOR DESIGN AND WINDING SERVICE AVAILABLE IF REQUIRED 


Polystyrene capacitors are available for use with the toroidal cores 














SALFORD ELECTRICAL INSTRUMENTS — 

TIMES MILL HEYWOOD LANCASHIRE Tel: Heywood 6868 
n Sales Office: MAGNET HOUSE KINGSWAY W.C.2 

A Subsidiary of THE GENERAL ELECTRI( 
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Hartons 
instrumentation 
schemes 


A control room for the Distillers Company Limited 


Hartons design, supply and install 
instrumentatation and automatic control systems 
for any class of industry in the worid 


Hartons Installations Limited 


Maxim Road Crayford Kent Telephone Crayford 26211 
66 Carver Street Sheffield 1 Telephone Sheffield 27790 
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DIAPHRAGM 
CONTROL 


VALVES 


Accurate, reliable, and economical, 
these Blakeborough types do full 
justice to the performance of the 
controlling instrument—hence their 
widespread use on modern automatic 
process control systems. An advanced 


and comprehensive range, well worth 


eS 


investigating. 


SPW Oa RP athens 


J. BLAKEBOROUGH & SONS LTD -: BRIGHOUSE - ENGLAND 
(ndh)soosx 
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This engaging little chap and his better half 


are really loyal to one another, mating only with their own kind. 





This is quite understandable as they are thoroughbreds 
and do not want to introduce any mongrel strains. 
We have bred these creatures, producing a range of sizes, 
so keeping in phase with the current trend for miniaturization. 
This does not mean that strength has been sacrificed, far from it. 
Their natural strength and ability to withstand severe conditions 


provide the basis for a long and useful life. 







C If you have not yet become acquainted with the habits of these creatures, 
2d 
" you can learn all the details by contacting us at the address below. 
CONTINENTAL CONNECTOR DIVISION 
ULTRA ELECTRONICS LIMITED 
A N D Industrial Estate, Long Drive, Greenford, Middlesex. Phone : WAXlow 5721-7 
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Transistorized Printer TSA65 


A high-speed parallel entry Printer capable of 
speeds up to 5 lines/sec. Inputs for 11 print 
wheels are provided. The Printer can be driven 
by the decimal output readily available from 
our in-line readout counters, or by meter readout 
instruments using TS11 decade selectors. 


Transistorized Frequency and 
Time Measuring Equipment TSA1135 


This instrument is equipped with in-line readout 

. a clear, unambiguous display, legible from a 
distance of 30 feet. It is capable of a wide range 
of operations, among them period measurement 
to 10 ke/s, time measurement to 999,990 secs, 
frequency measurement up to 100 ke/s (stan- 
dard) or to 1 Me/s (type 1135/P). Outputs can be 
provided for the TSA65 printer or TSAI1O0lI 
Reperforator Control Unit. 


Transistorized Reperforator Control Unit TSA101 


Designed to drive 5 hole Reperforators at 11 
out of 15 punching stations per cycle (automatic 
sequencing). The Reperforator mechanism is 
driven entirely by transistor circuits, each of 


which is made up as a plug-in stage. 


Three Venner instruments designed to facilitate the presentation 
of information, emblematic of the versatility of Venner electronic 


equipment. 


Our new ‘short form’ catalogue is a concise guide to the whole range. 


A note on your company letterhead will bring a copy by return of post. 


Venner Electronics Limited, 


Kingston By-Pass, New Malden, Surrey 
MALden 2442 A member of the Venner Group of Companies 
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GREAT NAMES THINK ALIKE 
they choose Baldwin 
Atomat Nucleonic Thickness Gauges 


Look on the machines turning out some of Britain’s most famous products and you’ll 
find Baldwin Nucleonic Gauges saving material, labour and time! Yet, although 
Baldwin gauges are used more and more throughout industry, there’s no question of 
a standard unit for all machines. Baldwin gauges are—and always will be—tailored 
individually to the measuring job in hand. 


a 
: 
‘ 
‘ 
! 
: 

“¢ 
: 
' 
‘ 
: 
i 
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SO THAT’S POINT ONE ...-° BALDWIN DESIGN AND MAKE COMPLETE CONTROL GAUGE SCHEMES 
FOR SPECIFIC INSTALLATIONS 
Then there’s Baldwin Automatic Standardisation and Control. Baldwin gauges not 
only check materials in production, but can correct the machine when production 


limits are exceeded. And Baldwin gauges even check themselves, automatically 
compensating for any radioactive source decay. 


AND THAT’S POINT TWO... CONSTANT INSPECTION — CONSTANT ASSURED ACCURACY 


ADD THESE OTHER POINTS AND IT BECOMES OBVIOUS WHY BRITAIN’S 
TOP MANUFACTURERS CHOOSE BALDWIN 


** SAVINGS IN TIME AND MATERIAL 

* CALIBRATION IN YOUR USUAL UNITS OF MEASUREMENT 
* HIGH ACCURACY 

% MINIMUM MAINTENANCE 


Ask Baldwin for their brochure C-124; it carries clear and concise information— but 
no obligation on your part. 


Baldwin Industrial Controls 


Baldwin Instrument Company Ltd., Dartford, Kent 
Telephone: Dartford 20948 & 26411 Cabies & Telex: Baidwin, Dartford 
A HARPER GROUP COMPANY 


INSTRUMENT DIVISION 
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TF Series 





DO YOU 
WANT TO START 
SOMETHING? 


- to start and control, correctly and safely, 





an electric motor in any type of plant, from a 
sweet-wrapping machine to a steel-rolling mill 


—all with relentless efficiency—then ... 


PICK ON 
DEWHURST! 





SR Series 


Range (a.c. or d.c.)—4 to 800 h.p. 


For operation in any climate — from 
the tropics to the poles. 






















All methods of starting and control— 
local or remote. 


Assembled from standard components, 
keeping prices competitive and giving 
the delivery you require. 





Optional features include reversing 
duty, varying forms of motor protection, 
interlocked isolating switch etc. 


Consult our Technical Advisory 
Service for assistance on your 
control gear problems. 


pandabil 


INVERNESS WORKS - HOUNSLOW - MIDDLESEX 


D E H U RST Telephone: HOUnslow 7791 (12 lines) Telegrams: DEWHURST HOUNSLOW 


PARTNER LIMITED _feeie offices ot:— 
BIRMINGHAM - GLASGOW - GLOUCESTER ° LEEDS - MANCHESTER - NEWCASTLE - NOTTINGHAM 
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Tihe AiASO 


—HEAWYVY DUTY MULTI-CIRCUIT 
A.C. SWITCH 150 amperes 
at 650 wolts on each 


moving contact This is a slow-make-and-break On-Load 
switch but is, of course, equally suitable for Off-Load duties. Its design is 
essentially similar to that of the other Austinlite rotaries. The moving contacts 
are rollers bridging pairs of fixed contacts. For on-load switching the rollers 

are Elkonite. The fixed contacts have silver contact faces 4” thick. 

For off-load duties the switch is rated at 300 amp. per moving 

contact and the rollers are of silver plated copper. 


The indexing mechanism follows the recognised 


nig 


Austinlite pattern and thus ensures 


a long life of continuous service. 


AA 


* Contacts are open to immediate visual inspection and the switching 
sequence can be seen at a glance. 


* Each group of fixed contacts is mounted on a common bar which can be 
removed for cleaning or for replacing contacts. 


* An A50, A30 or an Al15 switch can be mounted in tandem for switching ROT ARY SWITCHES 


auxiliary circuits. 


* Fixed contacts can be mounted anywhere on the bar so that creep Custom-Built b 
distances can be increased and high voltage switching made possible. y 


* Mechanical interlocking can be provided. STONE-CHANGE LTD. 


A quick-make-and-break D.C. version of this switch, identical except for (Makers of Sumo Pumps and 
the indexing mechanism, will be available shortly. Stone-Chance Lighthouses). -rawley, Sussez. 
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4" YVOLSTAT 


VOLSTAT is the one simple word you need 
to remember when you are up against any mains 
voltage fluctuation problem. 


VOLSTAT stands for a range of Constant Voltage 
Transformers produced by ‘Advance’— the leading 
authority on voltage stabilization. 


VOLSTAT is backed by exclusive design, 
development and manufacturing skills which 
over many years have so often provided 

the only solution to mains voltage 
stabilization problems. 


Full technical details are available on request hee 
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dvante COMPONENTS LIMITED 
heeded Ath  ROEBUCK ROAD - HAINAULT « ILFORD « ESSEX * HAINAULT 4444 


GD#82 
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REMOTE VALVE 


CONTROL 


J NOTE — 
SHAFT OR CHAIN DRIVE TO STEERING 
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H.P. Actuators have been successfully applied to the following industries : 


Atomic Submarines, Power Stations,. Control of Water Turbines, 


Control in Steel Works, Control of Packaging, Woodworking and 
Textile Machinery, etc. 


HYDRAULICS 


ee 


7 
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ADVANTAGES. 
Simplicity and Economy. 
Minimum of Piping. 


No Performance deterioration 
through dirty fluid. 


Suitable for high or low temperature. 


STEERING GEAR 
CLUTCH CONTROL 
THROTTLE CONTROL 
BULKHEAD DOORS 


VARIABLE PITCH PROPELLORS 
VALVE CONTROLS 


POWER STEERING 
DEPTH CONTROLS 
LEVEL CONTROL 
TILT CONTROL 
LIFT CONTROL 


Our Specialist Team of “Control 
Engineers’ will be pleased to 
advise on all applications. 


ee ee 
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Don’t 
lose THE SIZE 11 


AC MOTOR TACHOGENERATOR 


¢ oO nt ro f . .. provides the required stability for servo systems. It is a 


miniature precision built component of low inertia, low 
residual and good linearity. It conforms to Ministry of 
Aviation Specifications which require normal operation 


for 1000 hours at altitudes up to 60,000 feet. 


Temperature compensated Motor-tachogenerators 
are also available having general characteristics as 
described above but with output voltage at any speed 
confined to a change of + 13% for a band of 90 
centigrade degrees within the ambient temperature 
range — 40° to + 85°C. 


Vactric (Control Equipment) Limited 
Vactric House, Sloane Street, London, S.W.1. Telephone BELgravia 7000 
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THE FIRST ALL TRANSISTORIZED ANALOG COMPUTER 


basic model less than $4000 f.o.b. New York 


This compact unit, 15” x 16” 


x 24” high, can provide day-in 
day-out instant solution of your most vexing engineering pro- 
blems. Even if you have never seen a computer before, you can 
learn to operate the TR-10 as easily as you learned to use a slide 
tule. 

Simply turn a dial to feed in design parameters, and the 
computer provides an instant by instant, dynamic picture of the 
effect of each change. You can study the inter-related effects of 
heat, pressure, flow, vibration, torque or any variable, and visu- 
ally compare one with the other. Engineering data comes alive- 
msight into how new designs will work is obtained easier, faster. 

The compactness, low power consumption and low voltage 
levels of the TR-10 make it the ideal nucleus for on-line computers 


for process control applications. More time is available for creative 
engineering. New ideas that were too costly to try before are now 
praticable. 

You can design virtually to perfection and have a perma - 
nent, visual record of performance before building pilot mod- 
els or prototypes. As a result, “cut and try” expense is reduced. 

The same quality workmanship and design that has made 
Electronic Associates the world’s leading producer of precision 
general purpose analog computers will be found in this new 
unit. Accuracy to +01 per cent. Modular construction allows you 
to select varying quantities of the following computing functions : 
summation, integration, multiplication or division, function gener- 
ation, parameter adjustment, logical comparison. 


FOR COMPLETE ENGINEERING DATA ON TR-10 OR THE LARGER PACE 231R COMPUTERS WRITE OR PHONE 


PROOUCERS OF 


ELECTROWIC ASSOCIATES INC 43 rue de Ia Science Brussels 4 

EUROPEAN DIVISION Tet Grussels 11.43.69. - Telex 02-106 Pacedelg Oru Beco teers ; 
seie :atc 

ELECTRONIC ASSOCIATES LTD. Victoria Rood . Burgess Hill - Sussex - Engiond anaies eaupateae 

WORKS AND HEAD OFFICE Tet Gurgess Hilt 2636 ~ Telex 6750 Pace Surgessat 
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REGISTERED TRADEMARK 
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to 
safeguard 
gas- or 
oil-fired 
apparatus 





IGNITION CONTROLLERS i 






* The Type 702, for gas-fired apparatus, ; 
utilizes a flame-electrode. Flame impinges , 
These on the electrode and thus completes an electric circuit of high 
resistance so long as the flame exists. An electronic circuit, 
new high-quality capable of operating an electric relay or contactor, is connected a 
are between the electrode and earth. Should flame-failure occur, a ee 
aTnaR contoGers solenoid valve, operated by the relay, instantly shuts off the fuel : 
designed to prevent supply to the furnace. - 


explosions when 










explosive conditions The Type 703, for oil-fired apparatus, utilizes 


a flame-eye. It is connected to an electronic 





exist in a circuit, similar to the one described above, and keeps the solenoid t 
ham | valve open for as long as the luminosity of the flame lowers the 
commenting © wor | resistance of the photo-cell in the flame-eye. Should the flame fail, 
or furnace. the fuel supply is instantly shut off and the apparatus safeguarded. 
* | Other flame-failure and ignition controllers, and complete installa- 


tions, are also available. Further details gladly supplied on request. 





oi es ‘ * Ee 


ENQUIRIES, ‘SALES AND SERVICE Co ea ae 
CAXTON WAY, STEVENAGE, HERTS.: STEVENAGE 2 
TYBURN ROAD, ERDINGTON, REINAM, 24: EAST 2 


throughout the U.K. saa | 
Agente in all arincibal countries a 
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and 
to complete 
your 
installation 


One of a range of highly-efficient solenoid 
valves, the HPO is designed for applications 
where oil viscosity is likely to exceed 200 
seconds Redwood No.1. A powerful 
solenoid ensures a maximum lift under 
adverse conditions of viscosity. 
Non-standard versions, for operation with 
other high-viscosity liquids, or at specially 
high working-temperatures, are available 
to order. A lever-operated or press- 
button-operated hand-reset feature can 
also be provided. 


Other valves are available for use with town 
gas, bottled gases, air and many fluids. 





Put (KH) in control 


wherever you need dependability and accuracy 


Resolving the conflicting demands of precision, compactness and reliability in instrumentation is @ 
problem that Kelvin Hughes components can help you to solve. Many components, originally 
developed to meet the exacting conditions of aeronautical applications, are now released for integra- 
tion in specialised instrumentation systems. 


Use this technical advisory service 


Kelvin Hughes specialists are available to advise on the suitability of these components for specifi¢ 
applications, and consultation at preliminary design stage will prove advantageous. 





D.C. MOTORS 


Illustrated is the Kelvin Hughes D.C. 
Motor M30, Mark 1. Of high quality 
and manufactured for long life, the 
range includes permanent magnet, 
shunt wound, precision governed, 
servo and tachogenerator types. Most 
of these may be supplied to naval, 
military and aviation specifications, 
and high altitude requirements can 
also be met. 


SOME OTHER KELVIN HUGHES COMPONENTS 


Sine-Cosine Potentiometers High accuracy combined with Pressure Capsules Absolute and Differential types in 
durability. Oil-filled and miniature types, with contacts phosphor-bronze or beryllium-copper and welded types 
and wire of precious metals. in alloys and stainless steels. Wide range of sizes. 

Miniature Slip Rings Compact and light in weight. Very Pressure Transducers With Shaft output. Precision types 
low frictional torque. Up to 22 ways. with force balance principle for measurement and control. 


Please write for further details 


KELVIN HUGHES Components for Instrumentation 


KELVIN & HUGHES LIMITED - NEW NORTH ROAD - BARKINGSIDE - ESSEX 


TGA KH 98 
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TELESIG Screw Pumps offer the following advantages: 
Self priming. 
Delivery free from pressure pulsation. 
High working speed — small size. 
Near-silent operation. 
Simple construction. 


Minimum maintenance and easy replacemen: 
of working parts. 


@ Long life. 


TELESIG Screw Pumps are positive 7 
displacement pumps. Simply constructed, | 

they offer exceptional performance and long life. | 
TELESIG pumps effect delivery by means | 

of three parallel screws engaging each other, | 
the power-driven central screw driving : 

the two side screws. They may be run at high | 
speed thereby reducing motor sizes | 

| 
| 
| 


and installation costs. TELESIG Screw Pumps are made in three basic ranges: for low 
pressures up to 300 psi, for medium pressure up to 1000 psi and for 
high pressures up to 2,500 psi. 42 sizes are available covering a 
wide range of capacities. 


“sity. Screw Pumps by Telehoist 


TELESIG pumps and equipment are made by Telehoist under licence 
from the Swiss Industrial Company (SIG). 


Telehoist Limited. Cheltenham England. Telephone: Cheltenham 53254 


an associate company of Wilmot Breeden Lid. 


TGA KH 98 
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KEEPS TIME — 
and SAVES TIME 
IN THE PROCESS 


Aivemec 


The Airmec PROCESS TIMER Type N237 provides an 
accurately timed switching facility for industrial control 
purposes over the range 1-100 seconds. 


It employs a mains operated single valve circuit which 
is largely self-compensating for variations in supply 
voltage. Switching is effected by an output relay fitted 
with both heavy- and light-duty changeover contacts 
which are independent of the starting signal circuit. 


PROCESS TIMER 


No electrolytic capacitors. 

No moving parts to wear out. 

Extreme reliability. 

Automatic resetting. 

Manual or automatic initiation. 

Robust steel case for wall or bench fixing. 


Ask for fully illustrated leaflet. 


AIRMEC LIMITED - HIGH WYCOMBE - BUCKS - Tel: High Wycombe 2501-7 
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DELAYED PULSE 
AND 
SWEEP GENERATOR 





A versatile pulse generator 
designed to meet 
the need for a comprehensive detaged patse and sweep geucratar 


instrument covering a —m=- 
wide range of pulse work. Four 


me ereewr ce nene eres 
* ; 


main facilities are * =) =e) 
provided: a pre-pulse, a main pulse ~~ we 
delayed on the pre-pulse, ; = @-e- & 


a negative going sawtooth and a 
fast rising pulse 
formed from a pure line. 


BRIEF SPECIFICATION 


Period Delay 
Continuously variable from 0-9usec to Conclusion of pre-pulse to advent of 
1-05sec i.e. 0°95c/s to 1°1Mc’s. Accuracy +5%. main pulse, delay variable from 0-09usec to 


105msec. Accuracy +5%. 
Pre-pulse 
Sweep 


D.C. coupled negative going sawtooth same 
width and delay as main pulse. 


40musec. 8V peak in 75Q, positive going. 


Main pulse 15V peak max. 
Width: Variable from 0-09usec to 105msec 
+ 5%. Cable pulse 


Amplitude: Control gives 4:1 attenuation of each Obtained from short circuited pure line. 


of four maximum outputs as follows: One positive and one negative going pulse 
5V maxin 7502 risetime 10musec coincident with main pulse. 
10V max in 150 rise time <20musec 25musec wide 3V max in 75, rise time 
25V max in 6002 rise time <40musec 8musec. 
50V max in 10000 rise time 50musec 

Polarity: Positive or negative going. Sync, trigger or single shot facilities provided. 


Accuracy: +2%. Full data available on request. 





CINTEL RANK CINTEL LIMITED 
CIN SRY MENT) WORSLEY BRIDGE ROAD - LONDON - SE26 
HITHER GREEN 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd., Industrial Estate, Thornliebank, Glasgow. 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester,16. Hawnt & Co., Ltd., 59 Moor St., Birmingham, 4. 
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HIGH LAW ACCURACY 


without cam correction 




















In this new continuous rotation type HA 2500 
Potentiometer intensive research has made possible 
high accuracy with much improved mechanical 
stability. A precision machined light alloy body, an 
accurately ground ball-bearing mounted spindle — 
a patented design that eliminates cam correction, 
combine to give the following advantages :— 








This illustration 
is actual size 


ene 


@ LOWER TORQUE @ LONGER LIFE 
@ REDUCED WEAR @ LOWER COST 





Sa is? 2? 8H tt CAT we oe 











Resistance range 100 to 100,000 ohms. 
ap Law Accuracy (Absolute) +t 0.25% or + 0.10% 


(Independent law accuracy to closer limits) 
. « « @Nd ANOTHER ADDITION TO THE 


COMPREHENSIVE RELIANCE RANGE eaeaaneey SaPeng Tene “— 
Maximum Ganged Sections Four. 
The TYPE W3 (3 WATT) 


Maximum Tappings Nine. 
This model conforms with specification DEF-5I2I style 
RVW 7 & 8 (formerly RAC.RAD) and is a fully sealed unit ‘ ‘ ; , z 
with integrally constructed moulded cover. Also available Full technical details and dimensional drawings in 


ee es Data Sheet No. 100 available on request. 








Full technical details 
in Data Sheet 
No.9 














If our standard types do not meet your particular 
requirements, our research and development engineers 
are at your service. 







This illustration 
is actual size 








RELIANCE MANUFACTURING CO. (soutHwark) LTD. 
SUTHERLAND ROAD: HIGHAM HILL'‘WALTHAMSTOW: LONDON °E. 17. 


Telephone No. (and for Cables) LARkswood | /18/9 
(BER TT 
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RESISTORS 


... from the largest... to the smallest 


The smallest resistor engineered by 
Expamet Cressall is approximately of 4 watts 
rating. Above this, almost any size and type 
of resistor or rheostat can be supplied. 

Such a service is unique and backed by 


© Wire mened resistere on poresintn unrivalled experience. Technical advice 
formers that can be pre-set . 
by cifbubialits teneten bette te that makes full use of this unrivalled 


precise values. 


experience is freely available. 


EXPAMET and CRESSALL~go together all the way 


* These vitreous enamelled resistors 
are robust and capable of 
withstanding extremes in adverse 
conditions of operation. 


The Electrical Division of 
The Expanded Metal Company Ltd. 


LONDON OFFICE: 16 Caxton Street, London, S.W.1. Telephone: ABBey 7766 
WORKS: Stranton Works, West Hartlepool. Tel: Hartlepools 5531 


The Cressall Manufacturing Company Ltd., Eclipse Works, Tower Street, Birmingham 19 
Telephone: Aston Cross 2666 
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a compact 
inexpensive 
electronic controller 





for 
Temperature— 
Liquid level 


Now, the Versa-Tran —a transistorized controller that’s 





emp ae ne ae ae ome one ee ee oe oe versatile enough to be used in many applications. 








WRITE OR SEND THE COUPON TODAY 
Honeywell Controls Limited 
Ruislip Road East Greenford 


Small, compact, no valves, no warm up time, gives 


instant reaction. Works with sensors that can be 


















r 
| | 
! l 
| | ; S 
| mii iebeddiad os te | thermistors or probes. Can be used in such 
Versa-T’ lier. : : ; : , 
| pes oe ngagd _ | varied applications as packaging machines, 
| puaivecmeneaneen : injection moulding machines, cooking vats, 
| 1017-1 (Liquid Level) oY tyre retreading, and tank level, etc. 
| | Has a temperature control range from —60°F. to +500°F. 
NAME 
7 The Versa-Tran is the result of A 
| ae | traditionally superior Honeywell engineering. 
g 
: ADDRESS | d 
| - | Honeywell c 
| Sales Offices cipal towns | 2 ° S 
| oaatiten in the United me | Fut We Coittol 
L and throughout the world. J since 10068 F 
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RAPID OPERATION 

HIGH GRIPPING POWER 
NO OPERATOR FATIGUE 
ROBUST CONSTRUCTION 


Depth of | Maximum | Minimum Power Length 
Jaw Opening Opening | Movement | Overall 
v 9 ” 1 w” 17 
1 “ 


E RANGE 


A time and labour saver for 
gripping workpieces at pre- 
determined pressure. 


Come and see for yourself on 


Stand 527, Olympia, 25 June-8 July. oe Th an lee AE] 4 a OO ere 
= PRATT & CO. LIMITED , HALIFAX : ENGLAND 
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To provide British Industry with the technical service and high quality 


equipment that are required for the speedy and efficient attainment 


of completely automatic control, a new Company has been formed. 


HAGAN CONTROLS 


embodies the vast development facilities and 
resources of The Plessey Group of Companies 
with the unique operational experience and 
‘know-how’ of Hagan Chemicals & Controls, 
Inc. Entering the field of automatic process 
controls as early as 1916, the Hagan Corporation 
is now one of America’s leading producers of 
instrumentation and control systems for com- 
bustion applications, industrial processes, 
aeronautical test gear and similar specialised 
equipment. 


Well proved over some forty years in a multi- 
plicity of process control installations, Hagan 
systems and components are designed to 
incorporate advanced techniques and maintain 
the highest standards of accuracy, and reliabi- 
lity, with adequate reserve of power. 


Hagan Controls Limited 


LIMITED 


Measurement 
Control 
Industrial Data Processing 


System study 


Whether you are planning an entirely new plant 
or streamlining an existing one, Hagan Controls 
Limited will readily provide the essential 
equipment and an incomparable service. 


14 Grosvenor Place, London, S.W.1 


Telephone: BELgravia 6382 
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new plant 
Controls 
essential 


You cannot get better 


screws than Unbrako 


because no better screws 


We are living in an age where things are moving faster. 
Today, there is a greatly increased tempo in technology, 
a growing complexity of design and a multiplication 
of parts. 

Breakdowns become more costly and more likely unless 
every component part is designed to stand up to the job. 
Unbrako Socket Screws cost less, far less, than trouble. 
The steel from which they are made comes from the 
Unbrako Steel Division. No ordinary steel either. Clean 
and free from inclusions, it is produced to our own 
exacting formula and supervised at all stages of manu- 
facture by skilled metallurgists. They aim at one standard 
only—a steel fit to be made into the world’s finest screws. 
Melting, cogging and drawing, plus every inspection, 


check and test that will produce flawless material, is also 
carried out in our own steel works by highly trained 
technicians and chemists. 

And finally the screws themselves. These are produced 
in our modern plant at Coventry where the wire is con- 
verted by cold forging to the famous Unbrako Socket 
Screw. Inspection, analysis and quality control checks 
carried out during the entire process of manufacture 
ensure that every Unbrako 

Screw has the performance 


that spells reliability. You 
cannot buy a better screw | 
-specify Unbrako—always. | 


Write for free samples. 


UNBRAKO SCREWS COST LESS THAN TROUBLE 


UNBRAKO SOCKET 


SCREW COMPANY LIMITED 


COVENTRY 


UNBRAKO SCHRAUBEN, G.m.b.H., DUSSELDORF 
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customer evidence... 


operations 


Modestly we claim that under suitable conditions this 
new miniature will give service in excess of 10 million 
operations but 100 millions leaves us breathless and not 
a little proud. Capable of handling springset arrange- 
ments of up to I2 springs normal duty loading and 
switching at speeds of better than 10 m.s. when 
required, the G.P.S.T. is a natural for computers and 
similar applications. 


For more details please write to the 
TECHNICAL SERVICES DEPT. 


ELECTROMECHANICAL DIVISION 
BEESTON - NOTTINGHAM 
ERICSSON TELEPHONES LIMITED + HEAD OFFICE - 22 LINCOLN’S INN FIELDS LONDON W.C.2 


ER8 
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Data Handling Syst 





891362 
243895 
239610 
654958 
193847 
901205 
| 294736 
271057 
984752 
379824 
105447 
459233 
811278 
532485 
114857 
984735 
927411 
210473 
567462 
665820 
857395 
948573 
195847 
248571 
125434 
354321 
748275 
859483 
942106 
772689 





The DIDAS Transmitter 


@ Fully Transistorized 

@ Extremely High Speed 
@ Compact 

@ Reliable 

& Modern Construction 


® Rugged but light 





(A member of Hawker Siddeley Aviation) 
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DIGI 











TAL 


991375 
274857 
198573 
958475 
984421 
103425 
978679 
213486 
210084 
330198 
921006 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED, Baginton, Coventry, England 
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DIDAS receiving and recording in laboratory conditions 


Speedy measurement and analysis of data has 
become a necessity in modern industry. 
Armstrong Whitworth Aircraft have developed data 
handling systems for measurement and remote 
control. The data can be transmitted at the speed of 
light by radio,or by cablelink, with extremeaccuracy. 
In one system (the DIDAS vehicle system), over 
50,000 different readings can be obtained in one 
minute. Analogue/digital and digital analogue 
convertors, working at over 50,000 conversions a 
second, eliminate processing bottlenecks. Systems 
can be engineered to customers’ requirements. 


New instruments for 


PROCESS 
CONTROL 


and they’re accurate... 
ELLIOTT-ACCURATE ! 


Here are some of the latest instruments from 
the Elliott range of process control equipment. 
Instruments you can depend on absolutely for 
accurate control. The Elliott range of analytical 
and control instruments also includes: 


Viscometers, Mass Spectrometers, 
Leak Detectors, Refractometers, 
Titration Analysers, Fluorimeters 


and Spectroscopic equipment. 


QUALITY CONTROL 
INSTRUMENTS 
DIVISION 


ELLIOTT BROTHERS (LONDON) LTD 


Gentury Works, Lewisham, London SE13 
Telephone: TiDeway 1271 


EY A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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INFRA-RED GAS ANALYSIS 
BY ONERA ‘80’ 


Detects from trace amounts to 100%, 
This new analyser which is suitable for 
both laboratory and process applications 
is now available in this country. Over 
1,000 instruments have already been sup- 
plied. Write for further information. 


MOISTURE MEASUREMENT 


Types 26-301 and 26-302 Portable Moist- 
ure Monitors measure moisture in gas 
from less than 1 ppm to 1000 ppm and 
20,000 ppm respectively. The 26-350 
series High Pressure Moisture Monitors 
can operate at pressures up to 10,000 psig. 
Write for Bulletins 1834 and 1855. 


HIGH SPEED 
PLANT CHROMATOGRAPHY 


Type 26-212 Process Chromatograph, 
gives an accurate analysis of Hydro-Car- 
bons through C 5 in 33 seconds with a 
reproducibility of better than 0.5%. With 
the Analyser housed in an explosion proof 
bell this instrument combines robust con- 
struction with exceptional speed and sen- 
sitivity. Write for further information. 
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additionally offer: 
MULTI-PURPOSE 


PHOTO-ELECTRIC CONTROLS for: 


Conveyor Traffic Control. Machinery Safeguards. 
Long RangeProtection. Inspection. Sorting or Counting 


SMOKE DENSITY INDICATORS 

*% LIQUID LEVEL CONTROLS 

4% ELECTRONIC TIMERS 

% HIGH TEMPERATURE 
PHOTOELECTRIC PYROMETE 


FIREYE CONTROLS COMPANY LTD. 
14 FETTER LANE, LONDON, E.C.4 


WORKS BEDDIN 
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L.F. Noise Generator type RG. 77 


Uniform power per unit bandwidth up to 10 c/s. 
Self-contained, portable. 


Low Frequency waveform 
generator type LF. 51 


Over 30 different waveforms, sines, ramps, 
square, sine squared, trapezoidal, etc. 
Sinewaves down to periods of 33 mins. 
Unique half-cycle and one-cycle facility. 


Transfer Function Analyser TFA. 46 
Steady readings down to periods of 10,000 
seconds (2? hours) 

Insensitive to harmonics and noise. 

Mechanical output and modulated carrier, as 
well as normal sinewave output. 
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AIR CYLINDER USERS 


SINGLE 
When fast reciprocating , , SOLENOID-OPERATED VALVE 


cylinder piston movements are For controlling double-acting cylinders at air line 


ji - Aa pressures of 20-150 p.s.i.g. Perfectly suitable for con- 
required Schrader Solenoid =<, 4 tinuous or intermittent use. Air is used to move the 

: valve mechanism in each direction without the neces- 
Valves offer the ideal means of 


sity for a return spring. 
actuation. Single or double 
solenoid types are available, 
both using electrical limit 
switches. The single type 
operates while the single 
solenoid is energized. The 
double solenoid valve 
incorporates two electrical 


circuits and operates or returns 
: DOUBLE 
in response to momentary SOLENOID-OPERATED VALVE 
energizing of either of the Also for controlling double-acting cylin- 
. ders but permitting a longer dwell time in 
solenoids. either direction without using continuous 
electrical energy. Valve mechanism is 
moved with positive action in 
- each direction by air line pres- 
sure. Range 20-150 p.s.i.g. 
SCHRADER 
AIR CYLINDERS 
CONTROL VALVES 


saeco BAYO uel 


da a ase To: A. SCHRADER’S SON, Air Control Products Dept. C 
829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 


MARK THOSE 
REQUIRED 


: Air Cylinders 
Please send details of Schrader SOLENOID CONTROL VALVES |and_ Air Ejection Sets ( ) 


Airline Couplers 
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FRIGH | 
AT THE 
a=. pag 


of things 


Westool is the name to remember for 
electric and electronic control gear. 
Westool units are right at the heart of many 
kinds of plant, in many varied industries. 
Whatever your particular needs, Westool 
can meet them —to your complete 


Tere eee 


satisfaction — either to your own design 
or to theirs, as you prefer. 


Ta 


Illustrated left : customer-designed relay panel for 
use in chemical plant, each relay has 
its own perspex cover. 


ms 


FAvETiTiil 


Control Gear 


ST. HELEN'S AUCKLAND, CO. DURHAM 
Telephone: West Auckland 551(6lines) Telegrams: Solenoid, West Auckland. 
LONDON: 2 Ashley Place, Carlisle Place, London, S.W.1. Tel: ViCtoria 7301/2 
BIRMINGHAM: 7 Newhall Street, Birmingham, 3. Telephone: CENtral 3901 
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THE PILOT PLUG GAUGE CO LIMITED 


SWALLOW ROAD 
PHONE: 87341/2 










Because a new generation of 
engineers has grown up since 
the PILOT patent for the easy 
entry groove was granted in 
1937, many not directly concern- 
ed with gauging practice are 
unaware of the principle— 


Why does a plain gauge jam 
while a PILOT “falls in"? The 
answer is simple. A plain gauge 
sticks in the hole (A) because if 
it is not square it jams across 
the hypotenuse of the triangle 
indicated by the dotted line. 
With the Pilot (B) if the gauge 
is not square then the chamfer 
of the groove (shaded dark) lifts 
the gauge into line with the hole 
and it “falls in’. After 23 years 
the effectiveness of the Pilot 
lead still amazes engineers. 


“PRACTICALLY” PERFECT 


PLUG GAUGES 











PILOT PRACTICALITIES 
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Booking ahead 


COMBINED SENSE of fulfilment, frus- 
A tration and promise besets us as we mark 

the end of CONTROL’s second year with the 
end of a series of articles on the control of guided 
weapons. The proximity of our second birthday 
anniversary, young as we are, fills us with plea- 
sure and excitement purely; but the end of our 
g.w. series leaves us with mixed feelings. We are 
indeed sobered, as Mr. Garner suggests on page 
108 that we should be, by the thought of the 
hundred-millions that have been spent on missile 
development since our series began. Still more 
sobering is it to think of the apparent pointless- 
ness of this huge expenditure: not only because 
the purpose of such effort is primarily destructive, 
but also because most of its products have already 
died or beén stillborn. The consolation—what we 
can find of it—is in the secondary (or tertiary? 
or nth-removed?) result, a filtering of new ideas 
and techniques and components into industry at 
large. At least, we hope that this is a result; to 
encourage it we have done our best, by publish- 
ing these articles, to give readers an inkling of 
what has gone on behind the security fences for 
all these years. Now that the dust is thickening on 
the stock-piled reports in Government establish- 
ments, the * Classified’ markings are becoming 
obscure enough to be forgotten, and we may hope 
for a continuing release of information. Much 
of it, we know with regret, can be of historical 
interest only, but gleaming among all this sterile 
fruit must be some living seeds of progress. 

The fact that so much literature exists is 
actually something to be grateful for. Work in 
private industry too often goes unrecorded, and 
one hears only the wearying cry that there is no 
time to write because there is too much else to 
get on with. It is an excellent thing to force an 
engineer, say once a year, to set down what he has 
done, is doing, and plans to do. The effort to 
clarify his thoughts on paper can work wonders 
for the clarification of the thoughts in his head. 
Sometimes his report will be a milestone rather 
than a halting place, and everybody will profit by 
reading the inscription. 

All good engineers like to busy themselves with 
invention and construction, and most would rather 
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do these things at any given moment than write 
about them. But life is finite and short. The 
advance of knowledge and application is possible 
only by building on what has gone before, and we 
have a duty to our successors. That is admittedly 
a truism, and an old one, but contemporary his- 
tory is giving it a new look. The Russians have 
been able to take existing western achievement, 
move up from the rear, and then overtake. One 
of their methods is reputed to have been the 
minutely thorough study of western texts, and 
this we may well believe; now the pupils are show- 
ing the masters a thing or two. If British engin- 
eers neglect to put down on paper enough about 
what they are doing, not only will something pre- 
cious of their work be lost to the world, but our 
own nation will move forward with greater 
difficulty. 

This long-term argument applies not only to 
abstract values—it has real cash importance. The 
Americans and the Russians are to-day producing 
technical literature in bewildering abundance. The 
foreign students who use that literature are im- 
pressed, and later they turn to American or 
Russian providers for their plant and equipment. 
Britain cannot hope to compete with such con- 
tinental colossi in supplying financial capital, but 
in the advancing of ideas this country can still be 
the most generous. 

We have watched with sadness the continuing 
dependence of English-using control engineers on 
American textbooks. Not because the latter are 
poor—many of them are admirable and some are 
brilliant. We are saddened because we know that 
there is worthy competition potentially available in 
this country, and it is just not being brought out. 
Truly the causes and explanations are many, but 
their enumeration does not close the case. CONTROL 
goes a long way toward filling the gap—as far as 
a single journal can—by publishing more-or-less 
specialized series of articles: but the annual num- 
ber of pages that we can devote to this vital work 
is after all limited, and we cannot hope to do 
enough. There are men and brains in Britain 
amply able to re-establish the country’s reputation 
as a source for the best technical books. What 
else is needed? 










Voltage straight and level... 


witH TEXAS 1$5000 siicon ZENER REGULATORS 


SHUNT STABILISERS... 


The Texas 1S5000 series of Silicon Zener Regulators have many 












advantages over gas-filled tubes in shunt stabiliser circuits. In 
particular Silicon Zener Regulators do not need a striking voltage 
greater than their running voltage, they are available in a wide range 


of voltage and the Texas 1S5000 series can dissipate up to 8 watts. 


PROTECTION AGAINST TRANSIENT VOLTAGE SURGES... 
The ability of the 185000 series of Zener Diodes to handle high power 








SUPPLY 
VOLTAGE 





surges makes them particularly suitable for the protection of tran- 













sistors against short duration voltage surges. Maximum current 


permitted is much greater than the steady current rating since the 


duration of the current through the diode is short. 


SMOOTHING ELEMENTS... 


The Texas 1S5000 series Zener Diodes can be used as filter com- 
ponents to give an output with low ripple content. The advantages 


of dispensing with bulky chokes and capacitors can be significant. 


8 WATTS 15 to 150 VOLTS 


® 5% or 10% tolerances © conventiona! or reverse polarity or double anode clipper 
® Designed to meet the most stringent requirements © —65°C to + 150°C operation 
JOINT SERVICE TYPES. Many Texas transistors meet CV specifications. If you have a requirement for 
British Inter-Service types please write for full information. 








TEXAS INSTRUMENTS 


LiMitTteEobD 
DALLAS ROAD BEDFORD ENGLAND 
BEDFORD 68051 § CABLES: TEXINLIM - BEDFORD 
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LETTERS 
to the EDITOR 


Major and minor errors 
SIR: On page 133 of the April 1960 
issue you give a data sheet for solu- 
tion of quartic and cubic equations. 
There are two major errors in the sec- 
tion dealing with quartic equations. 
Under the heading (14) the first line 
(5) 
should read — ——, and under the 
(13) 
heading (18) the first line should read 
2(1)(15)+(8) and not 2(1)(16)+(8) as 
printed. 
United Glass Ltd. H, L, CROOK 
Mr. Miller writes: ‘Mr. Crook has 
rightly pointed out the two errors in 
the data sheet on the solution of equa- 
tions which I made during a hurried 
proof-correction. There were also 
some minor printing errors which 
should be corrected as follows: In 
Table I, the top line of ‘Test’ after 
col. 11 should read “1+ (11) >0”. 
Instruction for special case (iii) after 
Table I should begin “ (iii)]f (16) = 
(17)=0 ...”. In Table Il col. (15) 
should read “ (3)/14)”.’—EDITOR. 


Looking for perfection 


SIR: With regard to the mention of 
Mr. Hugh McGlyn published in your 
May issue, there are two aspects to 
the appointment which you may care 
to note, Instruments have the job of 
assisting people in making things, or 
in research, and to do this successfully 
they must frequently duplicate the 
abilities of the people they are assist- 
ing. A man is hired according to his 
qualifications and his cost, and only 
after a considerable time is he assessed 
for reliability; and yet reliability may 
well come to be one of his chief 
assets. The same applies to control 
equipment. 

Reliability is being appreciated more 
and more as a requirement of equip- 
ment. All too frequently the step from 
“man watches furnace’ to ‘man 
watches instrument, watching furnace ’ 
is taken to be the ultimate in control 
engineering, and the missing ingredi- 
ent is largely reliability. 

Mr. McGlyn’s appointment is an 
attempt to foster the desire for reli- 
ability both in the using and manufac- 
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turing sides of the industry; in 
keeping with this, the post has been 
filled by someone with a very wide 
experience in the use rather than the 
manufacture of control equipment. 

The second point about the appoint- 
ment is the manner in which we hope 
to achieve results. Frequently the 
Quality Control Department is just 
that control valve at the end of the 
production pipeline which stops too 
much rubbish going out; it is more 
inclined to prevent the deterioration 
in quality during manufacture from 
standards laid down by a Develop- 
ment Department, than it is to create 
new standards and raise the level both 
of engineering conception and manu- 
facturing techniques; this is not a bad 
thing if some other independent re- 
sponsibility for improvement to 
quality exists. This is rarely the case, 
and most Companies rely on the cus- 
tomer for even the first stage of design 
criticism. The Department we have 
established will criticize all aspects of 
the products and services to the custo- 
mer, and will, for instance, evaluate 
new equipment, in sufficient quantity, 
and over a sufficient period, to obtain 
a reliable estimate of performance 
before there is any thought of pro- 
duction for sale, Similarly the Depart- 
ment independently inspects finished 
production instruments subsequent to 
all production and routine inspection 
stages; thus we look to the Depart- 
ment to further progress in instrument 
philosophy as much as to improve 
techniques in instrument manufacture. 

You will see that the term Quality 
Control Engineer may be something 
of a misnomer and that ‘Company 
Perfectionist’ could be appropriate, 
but may lead to confusion on corres- 
pondence. 

I could criticize the manner in 
which some of the ‘ Staffman’s’ com- 
ments are made; these are frequently 
supercilious. Nevertheless, I very much 
appreciate what I take to be the pur- 
pose of the article—to bring a note 
of topicality and lightness to an in- 
dustry that could be accused of taking 
itself too seriously. I say this as a 
manufacturer; for the users I have 
only unqualified praise (especially 
when they may be listening). The gen- 


eral excellence of your journal is both 
an encouraging sign of the state of the 
development of the control industry, 
and an invaluable aid to future 
advancement. 
West Instrument Ltd. T. L. MARTIN 
Your letter is most timely, for the 
accent seems to be very much on reli- 
ability at the moment. The 1.E.E. has 
just held a symposium on that aspect 
of electronics, and we report the pro- 
ceedings elsewhere in the present 
issue. This month's ‘ Viewpoint’, con- 
tributed by Peter Negretti of Negretti 
and Zambra, is also on the same sub- 
ject, cogently emphasizing the impor- 
tance of design. After design comes 
manufacture, sale and use, and even 
if the designer has _ overlooked 
nothing there is still plenty to go 
wrong. Mr. McGlyn has quite a job: 
good luck to him! And thank you 
for your criticism of CONTROL. Our 
own ‘Company Perfectionist’ (equally 
shy to be so-called) is always grate- 
ful for this kind of ‘ feedback’.— 
EDITOR. 


PUBLISHER’S COLUMN 


Rowse Muir Building completed 


Shown below is the new Rowse 
Muir building in Charlotte Street, 
London, W.1, which has now been 
completed. The actual move from 
the former premises in nearby 
Percy Street took place some time 
ago, but only recently have the 
builders departed after putting in 
the final touches. The new building 
is the headquarters of all three of 
the Rowse Muir technical journals, 
Nuclear Power, Control, and 


Machine Age. 
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11 detailed REASONS WHY 
Production Engineers rely or 


MAXAM precision AND QUALITY 


Heavy-duty Piston Rod 


Circlip for Easy Removal 
of Gland Housing 


Patented Internal Retainer 
Endcap Sealing 


Extra- wide Piston 


improved Cushioning 


Cylinder Body 


Double Gland Packings 


Extra-long Bearing 


Special Patented ‘E’ Packings 


Complete reliability and unrivalled efficiency of operation 

begin in the Design D.O. Study this part-section of a MAXAM 
pneumatic/hydraulic cylinder and you will appreciate how 
attention to minute details of design gives MAXAM products their 
world-beating quality and proved reliability. 


* Extra-wide Piston—for greater bearing surfaces. 


* Heavy-duty Piston Rod— manufactured from the finest stainless 
steel, surface-ground to fine tolerance. Hard chrome-plated rods 
can be supplied. 


* Improved Cushioning—ensures controlled deceleration without 
impact. 


* Special Patented ‘E’ Packings—having integral retaining rings 
to provide effective sealing. 


* Honed Bore— minimises friction and packing wear. Improved 
efficiency due to more effective sealing of piston packings. 


* Cylinder Body — material strength protects against deformation. 


* Patented Internal Retainer —eliminates external methods of 
securing end-caps. Maximum size of cylinder is o/d of body. 


* Extra-long Bearing — in the front end-cap provides substantial 
support for piston rod. 


For completely reliable operation 
with maximum economy — specify 


* Double Gland Packings— provide effective air/oil seal for 
pneumatic or hydraulic operation. 


* Circlip for Easy Removal of Gland Housing — simplifies 
maintenance. 


* Endcap Sealing —for low-pressure hydraulic operation. 


66°, of current production from our machine shops is for comp 
whose designers— with experience of MAXAM product quality, 
formance and reliability —have their future producti 
machines with MAXAM Fluid Power Equipment in mind! 


MAXAM POWER LIMITED 


Distributed by: 

Holman Bros. Limited, Camborne, England; Camborne 2275 
and at 44 Brook Street, London W.1; Hyde Park 9444 

Also in Birmingham - Cardiff - Glasgow - Peterborough 
Sheffield. Australia +» Canada - East Africa « France 

India - South Africa - Spain - U.S.A. + West Africa. 

With Agents and Representatives throughout the world. 


Fluid Power Equipment 


REGISTERED TRADE MARK 


Tick No 79 on reply card for further details 
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VIEWPOINT 


Failures are costly as they not only 
demand maintenance but may even 
halt production says Peter Negretti, 
Managing Director of Negretti & 


Zambra, in calling for . 


RELIABILITY AND SIMPLICITY 


Many factors which have an important bearing 
on the future of the instrument industry have 
been discussed in previous Viewpoint articles, but 
do we not sometimes forget the importance of 
reliability in our products and, if they should go 
wrong, the great advantage of simplicity of design? 
Competent service engineers and maintenance 
staff are scarce. Is the number of man-hours being 
spent on the maintenance of instruments and con- 
trol equipment justifiable? Would it not be better 
to spend more man-hours on design in order to 
provide greater inherent reliability? 

Industrial instrumentation should have the relia- 
bility. of domestic automatic controls, such as the 
temperature control on refrigerators, electric or 
gas cookers, or the level control on domestic water 
systems. These units do have good and known 
conditions of use, which is more than can be said 
for many industrial control applications, but I 
suggest that we should go back and examine our 
ideas to see whether it is possible to have simpler 
mechanisms and greater reliability in industrial 
instrumentation. 

The early electrical-resistance and thermo-elec- 
tric recorders were simple and reliable, and gave 
many years of good service in industry long before 
air-conditioned control rooms came into being. 
As a rule, there were no instrument mechanics in 
customers’ works, and if a suspension or lead-in 
spiral broke, as often as not it could be replaced 
easily—by anyone from the works manager down 
to the pipe fitter whose knowledge of instruments 
was rudimentary. 

While it is important to keep the capital cost 
of instruments down to a minimum consistent with 
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accuracy and reliable performance, how much 
more would it be worth to have instruments or 
control equipment with ‘built-in’ reliability, 
capable of being guaranteed to give x years of 
satisfactory performance. In a fast-working plant 
where an interruption of production, whether due 
to failure or just for routine maintenance, is 
extremely costly, it would seem that a more 
trouble-free working life without maintenance 
must pay big dividends. 

I appreciate that these two related questions of 
reliability and simplicity have always engaged the 
attention of instrument designers. However, the 
designer is often thwarted by demands for high 
accuracy or quick response, which may not even 
be necessary, and complications such as the com- 
bination of indication, recording and control, and 
sometimes integration, all in one instrument. 
There is also the need for ease of access for main- 
tenance or testing; this would be much reduced 
if users could feel confident that the equipment 
was capable of giving reliable service for long 
periods. 

I would suggest that the future will bring an 
increasing regard for reliability and simplicity, 
with the user appreciating that it is better to pay 
for these in the first cost, rather than pay for 
expensive maintenance during the life of the 
instrument. 
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IN PUTTING DOWN ON PAPER AN APPRAISAL OF SOME OVERALI 
trends and prospects which appeared at the L.E.A. Exhi- 
bition a critical approach is necessary, but this should not 
be taken to deprecate in any way the efforts and achieve- 
ments of the exhibitors. It is purely an opinion about 
directions in which progress might be made in order to 
speed up the development and application of automation. 

There is still no generally agreed meaning of automa- 
tion. Some companies adopt the more sophisticated mean- 
ing. Mr. Bagrit of Elliott-Automation Ltd. made the point 
in a speech that ‘. . . automation is not just an extension 
of mechanization and automatic control, but is a wholly 
new order of human activity. The difference between auto- 
matic control and automation is not so much one of kind 
as of concept, for automation is a wholly new approach 
to thinking out the engineering of industrial processes ’. 
With this the writer is in agreement. It is not however uni- 
versally understood, or perhaps accepted, and as a result 
the word automation is sometimes purely a sales gimmick. 

There is great confidence generally in the future of auto- 
mation, but whether this applies to all the exhibitors may 
be debatable. A press release from the Hawker Siddeley 
Group typifies the confidence: *We are witnessing the 
birth of a huge new industry. An industry so large, in 
fact, that it is already forecast in America that in a few 
years’ time more people will be employed making auto- 
mation equipment than in all the other industries com- 
bined ’. 

MANY BRICKS BUT NO SYSTEMS 

A multitudinous number of * building bricks’ for auto- 
mation systems was on view, but it seemed somehow 
typical that there was no such heading in the classified list 
of exhibits in the show catalogue as, for example, Auto- 
mation Systems, or Systems. It would have been difficult 
for an industrialist requiring information about the concept 
of automation to find his answer at the Exhibition. There 
appeared. to be much individualism among the manufac- 
turers of the building bricks, inevitably leading to a lack 
of standardization on minor matters and loss of com- 
patibility ; these were most pronounced among the elec- 
trical equipment. This is the price, of course, which has 
to be paid when simultaneous developments take place. 
The failure to achieve compatibility will no doubt pose 
problems in the years to come. 
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The range of equipment displayed at last month's ex- 
hibition was vast, but an industrialist would have found it 
difficult to discover the meaning of ‘automation’ there 


Thoughts on the I.E.A. Show 


by L. LANDON GOODMAN 


British Electrical Development Association 


It is to be hoped that at future exhibitions examples of 
complete automation systems will be shown, particularly 
those applicable to the medium- and smaller-sized com- 
panies and to those concerned with batch production. 
Several companies were offering the necessary engineering 
services for automating a plant. Constructors John Brown, 
who have recently carried out a feasibility study of auto- 
mation in a large steelworks, were demonstrating an auto- 
matic mixing plant. Elliott-Automation Ltd. have formed 
a new company, E-A. Automation Systems Ltd., which will 
provide the necessary technical know-how for any firm 
that wishes to call upon them. It will not necessarily 
specify equipment manufactured within the group. This is 
excellent but it is only a start. There seems to be a need 
for companies with complementary products to link up, 
and thereby offer a complete service as has been done in 
the nuclear energy field; the importance of some such 
development is underlined by the small amount of genuine 
research and development undertaken in production 
matters by a large number of potential users, and the very 
limited numbers of technically trained staff engaged on 
production. 


GETTING DOWN TO DETAILS 

Turning now to detail, the rapid introduction of modular 
construction was noticeable, particularly for large units. 
Plug-in circuit boards were common and the English 
Electric Datapac was typical. Twenty-one different logic 
units are available in unit form, and a suitable system can 
be built up with them for many applications of industrial 
data handling. Wrapped joints were also more in evidence, 
which is all to the good. 

Solid-state devices were much more common, and their 
future in automation is obviously very bright. The tran- 
sistor is making possible a new generation of instruments. 
The instruments in the Fielden Bikini range are completely 
sealed, transistorized and servo-operated. No high voltages 
are present in the instrument, and the electrical supply 
required is only 12V d.c. With the cable specified, the 
calibration and accuracy are independent of lead lengths 
up to 300ft from sensor to instrument. Transistors are 
also being used in field transmitters, high-gain negative 
feedback devices giving an output current proportional to 
the variable and unaffected by variations in supply voltage, 
supply line resistance, output circuit resistance or ambient 
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temperature. Such transmitters do not require an electrical 
supply at mains voltage but can operate from 12 V dc. 
Another interesting application is the use of Zener-diode 
yoltage-stabilizers to provide the standard voltage in con- 
trollers in place of the standard cell and calibrating unit 
previously used. at 

There was much miniaturization, and it seemed that the 
limiting size of, say, recorders, was determined only by 
the legibility of the chart. Considerably smaller and com- 
pact controllers and instruments, of course, permit smaller 
panels, making for easier surveillance. 

The trend towards electronic instrumentation and elec- 
trical transmission was more evident. This is important 
from several viewpoints, not least in the application of 
computers to process control, for electric signals are far 
more convenient than pneumatic signals as inputs to com- 
puters. 

Data transmission is at present in its infancy and there 
is scope for simplification. Particularly interesting therefore 
was the simple equipment shown by G.E.C. Their Multi- 
plex indicating apparatus monitors d.c. signals which indi- 
cate the operating state of apparatus. Up to twelve units 
can be monitored simultaneously and instantaneously along 
a single pair of wires of a length not exceeding 300 route 
miles. Thus considerable savings can be made in the com- 
plexity and cost of cabling. 


COMPUTERS FOR PROCESS CONTROL 

Developments are continuing in the application of the 
computer to process control. One new on-line process con- 
trol analogue computer was shown by De Havilland. It 
employs time-sharing of a minimum number of computer 
elements through the problem, by using the basic fact 
that in process-control work the variables alter relatively 
slowly. The computer accepts up to 48 inputs and com- 
putes up to eight outputs for control purposes. A complete 
scan is made in 25 seconds. This appears to be a useful 
unit for the piecemeal analysis of a plant, and also for 
subsidiary process control in large plants. Interesting also 
were two digital-computer systems. The Elliott system 
shown uses a central computer which controls the set 
points of individual controllers. Additional information not 
available from on-line instruments is fed manually into the 
system. Thus there are a number of local loops with one 
overall loop. 

The Ferranti Argus process control computer can operate 
in this way or as a central controller. It is shortly to take 
the place of conventional three-term controllers in a chemi- 
cal plant. The outputs from thermocouples, pressure trans- 
ducers and flowmeters are being fed straight to the com- 
puter and operated on in accordance with a program. 
Information is then sent out to various controlling devices. 
Between 200 and 300 variables will be handled. In this 
instance, then, there will be only one overall loop. It 
is of course too early even to prophesy which system will 
prove the more efficient. Obviously the chances of com- 
plete plant shut-down are greater in the latter case. In 
this connexion it is of interest to note Ferranti’s statement 
that an Argus unit has run for 5000 hours on simulated 
control, with four failures, all of transistors; but many 
years of operation will be needed before any true assess- 
ment is possible. 

Another development now reaching fruition is the 
sequence-starting of plants. In the case of a power-station- 
boiler start-up, about 700 variables are controlled by means 
of overall regulation of three-term controllers. These pro- 
cess computers are a new generation of machines, Among 
their new features is a time-sharing facility which allows 
work to be carried on several programs at once, and several 
different plants or processes to be handled concurrently. 
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Even at this stage the application of the computer to 
plant control will allow much to be learnt about plant 
characteristics, and hence will speed up this form of control 
as a result of monitoring process variables, continuous 
data collecting and logging, and performance computation. 
It should be stressed that it is not necessary to have a 
computer installation to monitor, to collect and to log pro- 
cess variables continuously, and several companies were 
showing simple systems for these latter purposes alone. 
The increase over previous years in the number of such 
equipments on show was noticeable. 

The Optimat, an ‘end-point optimizer” or * optimizing 
controller ’, is a relatively inexpensive device which searches 
continuously in an attempt to maximize the index that it 
is given as a measure of its success. The controller experi- 
ments by reading this index of performance, altering the 
set point of a conventional controller or similar plant set- 
ting by a small amount, allowing the plant to settle, and 
then finding whether the index has improved or deterior- 
ated. From this result it decides its next move. This type 
of controller is an interesting conception and should prove 
a valuable industrial tool. 


CONTROL OF ENGINEERING PLANT 


In the field of control of engineering plant there were a 
few exhibits and some gaps. There were no examples of 
automatic assembly and automatically controlled batch- 
production machines. Punched-card and tape control are 
being used for electronic assembly, for coil winding, and 
for press control, to take just three examples. It would 
have been interesting to have had at least some Continental 
or American examples, for this is an important field. 

A new analogue control system of a milling machine 
with overall manual control, giving high accuracy and 
flexibility at low cost, and an automatic co-ordinate table 
positioning equipment, were about representative of the 
complex machine systems exhibited. Possibly the Machine 
Tool Exhibition in June will produce more examples and 
allow trends to be assessed. 

The application of automatic techniques to production 
processes and conveyor systems has naturally resulted in 
complex control systems. Of particular importance is the 
development of static switching using cold-cathode triodes, 
magnetic amplifiers and transistors used separately or in 
combination in place of electromechanical relays. These 
new systems have a higher inherent reliability and simpler 
maintenance, for the units are either self-indicating or 
provided with neon indicating lamps. In the Access* sys- 
tem a half-wave rectified anode system is employed ; with 
two anode and trigger supplies, each of opposite phase, 
the signals from a pair of limit switches can be trans- 
mitted to the group control over one conductor, which 
gives a considerable reduction in the wiring required. 


TAKING IT ALL IN 
In conclusion it can truly be said that the range of 
equipment shown was vast and of great technical interest. 
New instruments are constantly appearing even for such 
comparatively mundane jobs as level indication. So great 
was the variety that it was something of a relief to find a 


learning machine demonstrated. This ‘Tutor’, we were 
assured : 


Speeds the learning process. 

Saves valuable training time. 

Assures complete, uniform training. 
Constantly measures student progress. 


Thus there does seem to be an ‘automatic’ way for all 
this information to be assimilated. 


*Jointly patented by Hivac Ltd. and The Austin Motor Company Ltd. 











































































































































































Computers have been used for process control 
in the United States since 1954. Surveying these 





applications up to the present time, the authors 


indicate the possible benefits —— and give costs 


Process control by computer 





by R. A. MORLEY and M. B. WOOD 


THE APPLICATION OF COMPUTERS TO PROCESS CONTROL 
started in the middle fifties, and progress has been so 
rapid that manufacturers in the United States anticipate 
a market of about $100m per year during the middle of 
the 1960s. The achievement up to the present is impres- 
sive, but many startling developments are only round 
the corner. It is difficult to obtain precise information 
about projected developments in this field because both 
manufacturers and users tend to be secretive until an 
installation has been working for some time. The users 
are often reluctant to release details of their plants 
from fear of their competitors. 

This article attempts to survey at least some of the 
more important developments in the application of 
computers, and to assess the present state of the art. 


Early analogue systems 

Perhaps the earliest on-line application of a computer 
to process control occurred in 1954, when the Southern 
Company Power Pool in the United States applied 
Leeds and Northrup analogue computers to power sys- 
tem loading. The installation is named ‘ Early Bird’ 
after its designer, E. D. Early, Manager of the Pool. It 
calculates continuously the most economical distribu- 
tion of power loading within a four-company network 
having a combined generating capacity of 40,000 MW, 
basing the calculation upon unit capacities, fuel costs, 
boiler heat rates and efficiencies, maintenance sched- 
dules, and so on. Important measurements are tele- 
metered to the computer system, and the load pattern 
is assigned through automatic tie-line load-control 
equipment. 

At the Ohio Edison Company’s (Massilon, Ohio) 
Power station, a Goodyear analogue computer was 
operating on line in November 1956. This system again 
calculates the dispatch of station-generator power on 
an economic basis, and controls a twelve-station net- 
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work. The computer takes into account the station unit 
fuel costs, boiler and turbine characteristics, transmis- 
sion system losses and station heat rates. 

An early example of the benefits provided by such sys- 
tems has been given by the West Penn Power Company, 
who have had a computer in service since February, 
1957. This computer controls the system-loading on the 
combined networks of three power companies, including 
transactions with other company networks outside the 
group. The performance of the computer system was 
compared with that of experienced operators for typical 
weekdays, Saturdays and Sundays at each season of 
the year, using a large digital computer to compare the 
cost of operations in the two cases. This work showed 
that the computer control saved costs of at least $30,000 
a year using existing load control equipment, and a 
further $20,000 yearly on the reduced cost of trans- 
actions with other power networks. 


Digital computers operating on line 

The earliest application of digital computers to pro- 
cess control was the calculation of operating guides to 
aid operators in the day-to-day control of plants. In 
1956 a process in the Electrochemical Division of Du 
Pont at Niagara Falls was linked through the telephone 
system to a general-purpose digital computer in Phila- 
delphia. Data from about ten primary instruments were 
transmitted, and from these the computer calculated 
the yield, yield rate, production rate, and material bal- 
ances and losses of the process. The equipment, in- 
stalled by engineers of the Du Pont and Burroughs 
corporations, was temporary, and designed to determine 
whether such on-line operation was practical. 

Later, another computer was used for on-line cal- 
culation of boiler test data during the commissioning of 
a new boiler at the West Penn Power Company near 
Pittsburg. A Bailey logger was installed on the boiler 
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site, and connected by teleprinter to the New York 
office of Babcock and Wilcox. The test data were com- 
puted on a Burroughs Datatron machine, and they 
included overall conductances. These figures were trans- 
mitted back to the boiler within one hour, which made 
322 test runs possible in less than one month. 

A permanent on-line digital computer, for calculation 
of operating guides, was first installed at the Baton 
Rouge refinery of Esso. A Royal-Precision L.G.P.-30 
computer was put into the refinery and connected to 
a catalytic cracker with a Leeds and Northrup ana- 
logue-to-digital conversion system. 160 variables, in- 
cluding temperatures, pressures and flows, are scanned 
at the rate of one point a second. The system reads 
out scaled results from these variables, and prints out 
27 operating guides calculated from them. This equip- 
ment was commissioned in June 1958, and makes pos- 
sible the operation of the process nearer to optimum 
economic conditions, with maximum rate of feed and 
quick recovery from disturbances. 

Esso are now directing their attention to closed-loop 
control, and a second L.P.G. 30 will be installed by 
Consolidated Electrodynamics at the Linden, New 
Jersey, refinery on a catalytic reforming pilot plant. 
The control loops include pre-heater temperature, re- 
actor temperature, system pressure, stabilizer condenser 
pressure, stabilizer reboiler temperature, gas feed rate, 
recycle flow rate and oxygen blending. The set points 
of these loops are controlled by the computer, except 
for stabilizer temperature, which is set manually. The 
computer surveys the limits of operation for given con- 
ditions, and bases the control programme on chemical 
composition. 


Applications in power supply 

In the summer of 1958, Daystrom Systems delivered 
a digital system to the Louisiana Power and Light 
Company at Sterlington power station. The system 
scans 216 temperatures and primary variables and cal- 
culates operating guides. The computer is a general- 
purpose machine, coupled to an analogue selection and 
conversion system, and has given extremely reliable 
service. 

A second system has been ordered for the Little 
Gypsy station by the same company. Initially it will be 
used as a logging system, but will subsequently be 
extended to control 800 steps in starting up and shutting 
down of plant. It will monitor operations continuously at 
ten points a second, log and warn of off-normal condi- 
tions, and control combustion, steam and feed-water 
temperatures to maximize efficiency. Using a completely 
solid-state system, Daystrom are guaranteeing 99% 
availability. 

Performance figures for the Sterlington installation 
have been released recently. During a six-month trial 
from | July, 1959, the system operated for 99°7% of the 
total time. This implies that the system was inoperative 
for only about ten hours in the period. Although there 
are 4000 transistors and 7500 diodes in the Sterlington 
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system, no solid-state component failed during the trial. 

Control computers are obviously extremely useful for 
starting up boiler-turbine units operating on a two-shift 
basis rather than on base load. This is likely to become 
more common when nuclear stations and giant conven- 
tional stations come into operation. A computer can 
start up or change load in exactly the same way; that is, 
according to the book. If starting up becomes a daily 
operation, a system of this kind is very desirable. 

The most ambitious power-station computer system 
yet announced is probably the Huntington Beach pro- 
ject of the South California Edison Company where 
210-MW oil- and gas-fired boiler-turbine units will be 
controlled by General Electric computers. The addi- 
tional cost of fully automatic control is almost $1,200,000 
per unit, but this should be recovered during the life 
of each unit. The saving of man-power is eight men per 
shift, which corresponds to a capitalized saving of about 
$750,000 net. Better control of temperature should re- 
duce maintenance costs even though more instrument 
maintenance will be needed. The value of these savings 
is estimated at over $1m, apart from any possible saving 
in avoiding a major shut-down. The estimated cost of 
a four-month shut-down, for example, is $3,500,000, 
and the continuous monitoring of a computer system 
might prevent accidental damage to the plant. 

A digital system has been ordered by the Phila- 
delphia Electric Company for load-distribution control. 
In this system a Minneapolis Honeywell D290 com- 
puter will be used, storing production costs, line losses, 
and so on. Continuous data from control instruments 
will be used to compute the most economical allocation 
of generator capacity, and this information will be sent 
automatically to the generators. The cost of power 
bought from and supplied to other undertakings will 
also be calculated. 

Union Carbide Nuclear Company use a digital com- 
puter system to optimize the loading on a consumers’ 
system at the United States Atomic Energy Commis- 
sion’s gaseous-diffusion plant at Paducah, Kentucky. 
The large amounts of electric power used are supplied 
at 16°1kV on seventeen lines; ten from the T.V.A.s 
Shawnee power station, six from the Joppa power station 
of Electric Energy Inc., and one line from Kentucky 
Utilities at South Paducah. Under certain conditions 
five lines can have outflow of power. 

The power consumed from each supplier is charged 
not only on the total consumption during a month, but 
also on the maximum demand during any half-hour 
demand period in the month. The large number of 
transmission lines makes it impossible for the con- 
sumer’s engineer to determine the actual demand until 
about twenty minutes after the end of each half-hourly 
demand period. This does not allow sufficient time for 
the load to be corrected to keep the demand load at or 
below the contracted figure for the next period. It is of 
course impossible to correct for the current demand 
period. 

The system has two functions. One is so to monitor the 
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power consumption that 100% load factor may be 
obtained over each half-hour demand period, and the 
other is that of recording the actual demand during 
each half-hour period. 

The demanded load at the end of each half-hour 
period is predicted at five-minute intervals. This enables 
the operator to adjust the load to achieve 100% load 
factor during the whole demand period. 

The advantage of a digital system in this application 
lies in the increased resolution and accuracy which are 
obtained. The reduction in penalty charges imposed by 
the power companies for exceeding the contracted de- 
mand should pay for the system in about fifteen months. 
This apparently rather optimistic estimate is being 
borne out by experience with the system. 

About 400 core-transistor logic elements are used in 
the system, together with a further 300 transistors. In 
the first two months of operation there was one com- 
ponent failure (a transistor) and a printer failure; the 
total resulting down-time in nearly 2000 hours of con- 
tinuous operation was four hours, giving an availability 
of about 99°8%. 


Automatic optimization 


The first on-line closed-loop computer system for 
automatic optimization in the petroleum industry was at 
the Texas Company’s Port Arthur refinery, the fourth 
largest in the United States. Here a Ramo Wooldridge 
RW300 computer went on line in March 1959 on a $4m 
polymerization unit. The computer receives an analysis 
of the incoming and outgoing gas, and measures tem- 
peratures, flows and pressures in the plant. Using a 
mathematical model of the process, it then decides what 
the plant shall do to obtain the maximum production 
at the least possible cost. Data are gathered from 110 
sources, and the set points of sixteen pneumatic con- 
trollers are controlled by the computer, which also 
scans for alarms and prints out any off-normal data. 

Fluctuations in the feed rate can upset the plant, 
which may take half a day to settle down again with 
conventional controllers. However, the rapid scanning 
at hundreds of points a second, coupled with the rapid 
response of the computer, enables the system to settle 
the plant quickly after any disturbance. 

The actual plant is relatively small, with an output 
of 1800 barrels a day, but it is large enough to pay 
for the installation. The computer cost $98,000 plus 
another $36,000 for input and output equipment. Modi- 
fications to the plant instrumentation probably cost 
as much again, bringing the total cost to about $300,000. 
It should increase conversion rate from 85-87% to at 
least 93%. This 6-10% increase in efficiency could pay 
for the installation in a relatively short time. An addi- 
tional benefit will be the increase in catalyst life; this 
is normally about three months, but six months’ life 
could be obtained if the conditions were kept within 
design limits. Normally, catalyst replacement costs about 
$150,000 annually; therefore here alone a saving of 
$75,000 is possible. Furthermore, there is a reduction 





in the loss of production whilst the catalyst is being 
changed. 

To do a similar job on a catalytic cracker, involving 
hundreds of complex relationships, would be much 
more complicated. With an output of, say, 100,000 bar- 
rels per day, this could be well worth while economic- 
ally if similar savings could be made. 

One point about the Texas installation is that man- 
power saving is not a possible economy, since the shift 
requirement has been three men for many years. A 
crew of this size can control the plant by hand in an 
emergency. If something unforeseen does go wrong with 
the process, the computer will raise the alarm and call 
for assistance. In general, savings of operating man- 
power on this type of plant will not be an economic 
incentive for computer control; but the reduction in 
maintenance effort resulting from operation within 
design limits might offer some small benefits. 

Two similar installations are scheduled by Ramo 
Wooldridge. The first is for Monsanto Chemical Com- 
pany, although the location is secret because a large 
sum was spent on deciding which plant to control, and 
they do not wish to give this information to a compe- 
titor. 

At Calvert City, Kentucky, B. F. Goodrich Chemical 
Company are building a new vinyl chloride monomer 
plant which is specially designed for computer control. 
Conventional process controllers will have their set 
points adjusted by the computer to secure optimum 
operation. The total investment, including installation, 
additional equipment, and program design, will be about 
$200,000. 

These three projects illustrate the application of com- 
puter control to an existing chemical plant, to an exist- 
ing refinery plant, and to a plant specially designed for 
computer control. 

In the Westinghouse Opcon system an entirely differ- 
ent approach to optimum control is used. The Texas 
installation uses a mathematical model of the process 
for its computations, but in more complex plants the 
process may be little understood, and it may not prove 
possible to establish such relationships. The Opcon 
system is basically a duplication of the action of an 
intelligent human operator, in that it adjusts the process 
continuously in an attempt to approximate more closely 
to the optimum conditions. In seeking an optimum con- 
dition, Opcon makes discrete changes in the process vari- 
ables. Initially the controlled variables are set to some 
condition P, and the output is evaluated in terms of 
the defining criteria for the process optimum. The con- 
trolled variables are now set to some new condition P;. 
If the new output is better than the original, then P, 
is retained as the new condition, otherwise P, is again 
established and another attempt is made, until the opti- 
mum condition is eventually reached. This procedure 
is repeated when significant changes occur. The system 
makes no attempt to interpret trends; once optimum 
conditions are reached, continued search compensates 
for drift in the operating conditions. 
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Since June 1958 a model OPG1 Opcon computer 
has been in charge of a plant for catalytic dehydrogen- 
ation of ethyl benzene in the Dow Chemical Company’s 
Styrene plant at Midland, Michigan. The controlled 
inputs are ethyl-benzene feed rate and reactor tempera- 
ture; an uncontrolled variable is catalyst deterioration. 
In this application the original objective was maximum 
styrene production, but experience showed that criteria 
selected on a purely technical basis were unsatisfactory 
economically. This is of course always a problem in 
any optimizing system, but as work in this field contin- 
ues, useful criteria should be more readily established. 

Sun Oil Company at Marcus Hook, Pennsylvania, 
also had an Opcon delivered in April 1959 for fraction- 
ating tower control. 


Applications in the steel industry 

The steel industry has used computers for control. 
At Lukens Works in Coatesville, Pennsylvania a new 
140-in. hot slabbing mill is being controlled by a spe- 
cial-purpose transistorized computer system. 

Jones and Laughlin Steel Corporation, Aliquippa, 
Pennsylvania, are to have a General Electric model 
C-312A digital computer installed on a continuous 
annealing line. In this line steel is uncoiled and sheared 
back to gauge, then the strip is welded to the end of 
the preceding coil. Cleaning, annealing and recoiling 
follow, the whole plant operating at speeds of 2000 ft/min. 
The computer will log the quality of the strip continu- 
ously and warn of critical conditions. It will also per- 
form accountancy calculations on the production line. 

For three years the United States Steel Corporation 
have had a special analogue computer working on iron- 
ore sintering control. Several thermocouples located 
along the moving bed of the sintering machine are used 
as inputs to the computer, which calculates the point at 
which sintering is completed. This controls the rate of 
feed of ore to hold the process at its manually selected 
production rate. 

G.P.E. Controls have designed a special-purpose 
digital system for open-hearth-furnace control, which 
will be installed at the East Chicago works of Inland 
Steel. Natural gas instead of superheated steam will be 
used to atomize the fuel. The gas costs less than oil, 
and the sulphur content of the oil has been increasing, 
which is undesirable in an open-hearth furnace. 

Various other developments are under consideration, 
but last year’s steel strike probably caused a set-back 
in this industry. 


Nuclear power 


At Chinon Nuclear power plant in France, two Ramo 
Wooldridge computers will be used for detecting and 
locating ruptured fuel cartridges. One computer is a 
stand-by to ensure absolute reliability. The computer 
will monitor carbon-dioxide coolant radio-activity and 


raise alarms if preset limits for each channel are ex- 
ceeded. 


CONTROL june 1960 


Other applications 

Another use for computers is in automatic testing. At 
the Winston Salem, North Carolina, plant of Western 
Electric, an LPG 30 is used to control quality and pro- 
duction rate of a bank of machines which make carbon 
resistors. 

An Opcon computer has been working for some time 
on automatic capacitor testing at the Westinghouse 
Electric Corporation at Bloomington, Indiana. 

Computers are also used in the military field, an 
example being the environmental test facility for the 
Sergeant missile. Here a Ramo Wooldridge RW300 will 
be used by Sperry Utah Engineering Laboratory, and 
will cost $175,000. 

The Texas Gas Transmission and Transcontinental 
Gas Pipe Line Corporations will use Bendix G-15 com- 
puters to predict gas consumption on the basis of 
weather forecasts and present gas consumption. 

A computer is also to be used for continuous weather 
reconnaisance forecasting in an airborne application by 
the U.S. Air Force. An RW300 computer will fly in a 
Boeing 707 jet transport, and process data on-line from 
rocket sondes, radars, etc., preparing data for transmis- 
sion. The computer accepts sixteen digital and 32 ana- 
logue inputs. 

One final example is an unusual application in cement 
manufacture. The Riverside Cement Company at Oro 
Grande installed an RW300 computer in July 1959. 
At first the computer will calculate the proportion and 
kind of materials needed for current production, and 
will indicate the procedures that are most economical 
with regard to haulage distance and quarrying costs at 
different sites. Systems of 7 X 7 equations are used in 
deciding the most economical way of stocking raw 
material in a number of 35,000-ton heaps. The com- 
puter also logs temperatures, kiln speeds and gas tem- 
peratures on a pair of 450-ft rotary kilns which have 
conventional controllers. An unusual computer input is 
X-ray analysis of rock samples. The Riverside Cement 
Company plan to run the entire plant under the control 
of computers; when the first machine is not otherwise 
occupied it will collect and analyse data for planning 
eventual automatic operation of the entire plant. 

The foregoing examples are by no means exhaustive, 
but serve to illustrate what has been achieved so far. 
Since an installation sometimes takes two years or more 
to plan, and projected developments are often closely 
guarded secrets, the results in the next few years may 
be spectacular. 

Many users were badly let down with business com- 
puter systems, usually because insufficient attention was 
given to detailed analysis of the situation. This danger 
is present in the application of process-control com- 
puters, but, given co-operation between makers and 
users, it has been shown that the possible benefits are 
well worth the efforts involved. 
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to sort out, but the extra cost is generally 
balanced by higher productivity. The author 
shows how this higher productivity is obtained 


THE CONTROL SYSTEM DESCRIBED HERE HAS BEEN 
designed for the continuous numerical control in three 
dimensions of milling or boring machines for such 
operations as profiling, contouring or die-sinking. To 
minimize the equipment associated with the machine 
tool, control quantities are computed remotely, the con- 
trol information being carried on magnetic tape. The 
tape is prepared by a central tape service located at 
Leicester. 

Part 1 of this article is devoted to the operational 
aspects of the system, indicating those features which 
are likely to appeal to production and methods engin- 
eers. Part 2 will describe the more technical aspects of 
the control sequence. 


NUMERICAL METHODS IN MACHINE-TOOL CONTROL 


Two features are predominant in control systems of 
the type discussed in this article: (a) they are auto- 
matic; and (b) they are designed to accept input data 
in numerical form, as opposed to settings on a continu- 
ous scale; and, to meet the needs of precision, they 
handle the data digitally as far as possible. 


Advantages of automatic methods 

Many of the advantages of automatic over manual 
methods are common to situations where the machine 
takes the place of man, but some specific points are: — 


1. Machine utilization is capable of very great improve- 
ment by eliminating or reducing setting-up and thinking 
time at the machine. 


2. A great variety of operations is possible on a single 
machine which would otherwise involve transferring 


The true economics of tape control are hard 
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the work between several machines. The rapid and con- 
secutive carrying out of these operations at one setting 
contrasts very strongly with the expenditure of time, 
labour, storage space and clerical work which are bound 
up with the more normal methods. 


3. The errors involved in repeated setting-up are also 
eliminated. Other errors, such as are involved in copying 
from a template for example, are avoided, both in the 
copying process and in the making of the template. 


Advantages of digital methods 

In general, the input of dimensional information 
concerning a workpiece is better accomplished by the 
setting-in of numbers in numerical form than by the 
setting of scales, because the accuracy of setting 
depends much less on the skill of the operator. 

In cases where the data has to be processed arith- 
metically, as in continuous control systems (for example 
in curve generation, vector resolution, etc.), the full 
precision can be retained only by operating digitally. 
Therefore a wide range of arithmetical manipulation is 
available, so reducing the task of the planner to a 
minimum. 

A system of control in which absolute co-ordinates 
are transmitted is to be preferred to a system relying 
on incremental information, where accidental loss in 
the transmission link results in irretrievable errors. 

In the absolute system the machine settings are speci- 
fied repetitively at all times. However, it is wasteful of 
digital equipment to carry continuously the complete 
number representing movement, and it is sufficient to 
restrict the position-number to a relatively small zone 
of movement, the more significant part of the complete 
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number being discarded. The machine servo-mechan- 
isms are then under continuous control inside this 
limited zone only, and movement over a greater dis- 
tance consists of a progression from zone to zone in a 
cyclic manner. The way in which this process is linked 
with the cyclic nature of the measuring system will be 
made clear later. 

The choice of zone or cycle size is governed by the 
following considerations: too small a cycle creates 
difficulty in locating a particular cycle for initial setting 
purposes, and in addition there may be uncertainty that 
the machine remains locked to the correct cycle when 
running. Such ambiguity is a maximum in the limiting 
case where the cycle consists of only one step (or 
smallest increment) of the input number. On the other 
hand, if the cycle is made too large, it becomes more 
difficult or costly to achieve precision in the position 
control of the servo-mechanisms. The design techniques 
available are such as to limit the range of continuous 
control to not much more than one thousand times the 
acceptable error. There is therefore a practical optimum 
control zone of about 0:1 in., which is not so large as to 
preclude setting accuracy of the order of 0-0001 in. but 
is large enough to avoid ambiguity, and to permit ready 
realignment after planned interruptions to the cutting 
program. 

In this way the advantages of digital representation 
of length are combined with the simplicity and freedom 
from ambiguity of continuous control of the servo- 
mechanisms. It will emerge from the description to 
follow that the techniques discussed in general above are 
employed in the present system, the principal features 
of which are:— 

1. The control information is handled and processed 
numerically throughout. 


2. Final conversion from the control numbers to physi- 
cal movement is effective over an optimum zone of con- 
tinuous or analogue position control. 


3. The position of each machine movement is directly 
measured by electrical measuring bars, which form a 
robust and mechanically simple system, unaffected by 
fine dust or oil films and requiring little attention during 
life. 


The system 

The more detailed operational features are: 
1. The machine tool is controlled in three dimensions 
through the medium of quarter-inch magnetic tape. 
2. The cutter path is controlled to produce straight lines 
and circular arcs at the workpiece surface, each section 
of straight line or arc of given radius constituting a 
program step. Other forms may be broken up into arcs 
of varying radius where necessary. A program step 
can have any length provided that the tool-centre path 
lies within a cube of 50-in. sides aligned with the axes. 
There is no technical limit to the total dimensions of 
the workpiece. The control system can handle feed rates 
up to about 50 in/min, when the information is in units 
of 00001 in. For larger basic units the maximum feed 
rate is correspondingly greater. 
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3. The planning engineer has only to tabulate (i) the 
co-ordinates of the change points between program 
stops and details of arcs, (ii) the maximum value of 
feed rate dictated by the particular machine, work- 
piece, cutter, etc., (iii) the acceleration to which the 
particular machine must be limited for a given accuracy 
of following, (iv) the nominal cutter diameter, (v) auxil- 
iary instructions such as stopping, etc. The limitations 





Fig. 1 Controller connected to Newall 1520CC jig borer 


imposed by the machine tool in cutting arcs to a given 
accuracy are met in the following way: during pre- 
paration of the magnetic tape, the feed rate appropriate 
to the curvature of the cutter path is automatically cal- 
culated so that a reduction of feed rate below the 
maximum is applied as late as possible during the 
preceding program step; furthermore, the higher feed 
rate is restored as early as possible. In this way the 
average cutting rate is maximized. 

4. The magnetic tape can, on replaying, be run at half 
speed to halve all feed rates. This is primarily applic- 
able to a roughing cut with heavy removal of stock, or 
for dealing with unexpected difficulties without need to 
record the tape again. 

5. The machine servo-mechanisms are controlled by 
continuous or analogue signals over a zone of 0°1024 in., 
the smallest increment or step being 0:0001 in. Although 
this control zone is restricted to a small fraction of the 
machine movement, it is very many times the smallest 
increment handled, and permits ready resynchronization 
between tape and machine at a planned stopping point. 
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6. The operator is provided with controls which allow 
him to set a correction to compensate for a cutter the 
size of which is above or below nominal, or to offset 
the cutter path for roughing operations, using the same 
tape. The computation necessary for this control is per- 
formed digitally, so that no precision is sacrificed in this 
process. 

7. The magnetic tape carries a number of on/off sig- 
nals for operating associated equipment, such as chang- 





Fig. 2 Helixyn mounted on machine-table motion 


ing spindle speed, or the locking of one or more 
motions. Two of these auxiliary instructions are allo- 
cated to stop and optional-stop functions whereby the 
operation can be planned to stop at suitable positions 
for inspection or tool-changing, etc. The cutting 
sequence can be started afresh from any such stopping 
point; for example, where part of the sequence has to 
be given one or more additional cuts for finishing. The 
accurate absolute position of any stop point is readily 
found by reason of the synchronizing zone referred to 
in par. 5 above. 

8. Datum-setting (control of which is of a continuous 
nature) permits the datum point to be located anywhere 
within the range of the machine feeds. 

9. Occasional faulty read-out of the magnetic tape is 
ignored by the machine, and such transient faults do 
not cause an accumulation of error, since the position 
information within the 0-1024-in. zone is renewed re- 
petitively at a high rate. Consistent misreading of the 
tape, or faults calling for grossly abnormal machine 
accelerations, cause the equipment to shut down. 

10. The computation required for preparing this mag- 
netic tape is performed on a special-purpose computer 
(the ‘ Director’) located at the Tape Service Centre, 
Leicester. The machine tool control equipment in which 
the tape is used is termed the ‘ Controller ’ (illustrated 
with a machine tool in Fig. 1). 


Helixyn measuring system 

The organization of the system and the operational 
procedures involved are so bound up with the nature 
of the position-measuring system that a brief reference 
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to this will be made here. A more detailed account 
will appear in the second part of this article. 

Although the Helixyn* (Fig. 2) is not the only mea- 
suring element which may be used in the A.E.I. system, 
it is fitted to all machines where the highest precision 
is required. The Helixyn consists of two parts: a cylin- 
drical bar which provides the stable length reference; 
and a short sleeve which moves coaxially over the bar 
without touching it. If the bar is supported on the 
machine moving member which it is desired to control, 
the sleeve is fitted to the fixed member. The element 
is energized appropriately by control voltages, and an 
electrical indication of position error is obtained which 
repeats cyclically at intervals of 0°1024 in., control of 
position by means of the machine servo-mechanisms 
being unique within a corresponding interval (termed 
the ‘ synchronizing zone’). The value of 0°1024 in. for 
the cycle length is determined by the use of binary 
representation of length in the digital circuits, any 
binary number in the range 0 to 1023 being repeated 
after 1024 steps. 

The zeros may be aligned to any position of the 
machine movement for the initial datum-setting. This is 
accomplished by manually controlled rotation of the 
bar, about one-third of a degree of rotation being the 
equivalent of 0:0001 in. of axial movement. Adjustment 
to the highest accuracy desired is a simple matter using 
the worm-drive control provided. 

Provision is made for taking out residual errors in 
both Helixyn and machine slides by a cam-correction 
mechanism which introduces correcting adjustments by 
means of partial rotation of the sleeve. The cam is set 
up initially on installation of the machine. 

The control equipment itself is to be described in 
Part 2 of this article, and we will now consider the 
operational details as viewed by the user. 


Role of the planning engineer 


It is no exaggeration to say that the planning engin- 
eer in his office is the ‘driver’ of the machine tool, 
in that every detail of the operation must be envisaged 
beforehand and be included on the tape. As an example, 
movement of the cutter in air must be so organized 
as to clear clamps or uncut areas of the work-piece 
blank, and there must be full allowance made for the 
capabilities of the machine, the position of limit 
switches, etc. 

The transfer of responsibility for decision from the 
machine operator to the planning engineer has few 
disadvantages, once the implications have been learnt, 
but the chief advantage is that machine utilization is 
improved by almost completely cutting out thinking and 
setting-up time at the machine, during which it would 
be idle. But it does require that the planner have a 
fairly intimate knowledge of each machine for which 
he plans work, and there must be close co-operation 
between him and the machine operators. 


* British Patent Application 17879/58. 
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Perhaps the best way of explaining the facilities pro- 
vided by this control system is to outline the planning 
of a typical milling operation. The waveguide block 
shown in Fig. 3 is a component requiring a series of 
operations which, if carried out to the required pre- 
cision by normal methods, is expensive to produce. 

From a drawing of the piece to be machined, dimen- 
sioned in rectangular co-ordinates, the planner enters 
on the planning sheet the co-ordinates of certain change 
points which determine the program steps, together 
with the appropriate coded instructions, nominal cutter 
size, maximum feed rate and acceleration and so on. 
Facility in doing this is easily acquired by engineers or 
machinists who are familiar with normal machining 
techniques; no knowledge of computer programming is 
needed. 

The machining instruction sheet (Fig. 4) which ac- 
companies the magnetic tape specifies the operations 
and the stop points, and instructs the operator on which 
cutters to use, etc. In the case of the waveguide block, 
if it is assumed that the external profiling has been 


carried out by use of the appropriate tape, the opera- 
tions are as follows: 


Datum-setting, 

Drill and bore hole 1, 

Mill counterbore 2, 

Mill cavities 3 and 4, 

Mill counterbore 5, 

. Mill tapered waveguides 6 and 7. 

The datum on the workpiece blank may be a locat- 
ing hole, or machined faces parallel to the machine 
axes. These are specified by the planner and all sub- 
sequent movements are made with the datum point as 
reference. A short tape-controlled -movement is then 
inserted to move the cutter to a convenient starting point 
for commencing the cut. In the example the starting 
point is a compulsory stop LSI (lock stop 1) which 
coincides with the position for drilling and boring hole 
1. To economize in tape these two operations are 
carried out using preset spindle feed, with the X and Y 
motions locked and the tape stationary. 

Counterbore 2 may also be bored from the same 
setting, but we will assume that the planner has decided 
to mill it out, in which case a cutter (designated as slot 
drill C3) is fitted at stop number CS2 (compulsory 
stop 2) which locates the cutter at a face for resetting 
the spindle motion datum for the new cutter. This is 
used for operations 3, 4 and 5, a suitable cutter path 
being chosen for clearing the metal in the two cavities 
3 and 4. Optional stops are included at intervals so that 
the work may be inspected stage by stage if desired, 
and any particular pass may be repeated for roughing 
and finishing. 

The final operation is to cut the tapered waveguides, 
using a 3/16-in. slot drill, which is fitted at CSS. Rough- 
ing settings are introduced at this stop, to be taken out 
when the tape is respooled to this stop ready for the 
finishing cut. 

An appropriate maximum feed-rate figure in inches 
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per minute is inserted by the planner for each operation, 
but this figure is automatically reduced in the com- 
puting, depending on the radius of arc to be cut. This 
is to allow for the limitations of the machine servo- 
mechanisms, and preserves accuracy while achieving the 
greatest cutting rate allowed by the machine tool. 


Operation under tape control 

The machine operator is relieved of the duty of plan- 
ning the machining operation, with great saving of 
both machine and operator’s time, and there is much 
less call on the special skills which come only with 
years of experience. The controls with which the opera- 
tor is provided are designed to give him that degree of 
flexibility which enables him to achieve the maximum 
precision. Initial setting, to align the blank in corres- 
pondence with the planned starting position, is facili- 
tated by the provision of fine-setting handles on each 
Helixyn assembly. Thereafter, when the tape transport 
is started, the tape is in control until the next planned 
stop. Interlocks prevent the tape from being started 
without the initial alignment, thus ensuring that cutting 
cannot be started indiscriminately from random 
positions. 

In all conditions of normal operation the stopping 
of an operation is accomplished by ‘ stop’ instructions 
signalled from the tape itself. These may be compul- 
sory or at the option of the operator, However, if 
during running the operator has reason to believe that 
the operation should not proceed, he is able to stop 
the process at will. Such emergency stopping is ab- 
normal and unplanned, and he is prevented by inter- 
locks from restarting without (a) respooling the tape to 





Fig. 3 Machined waveguide block, indicating the variety of 
operations that can be combined in a single cutting pro- 
gram 


the last convenient stop point, and (b) aligning the 
machine under hand-control to the corresponding stop 
position. 

An important facility given to the operator is the 
provision for correcting for actual cutter size. This 
enables him to modify the cutter path towards or away 
from the required workpiece surface according to 
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whether the tool is under- or over-size by any amount 
up to a maximum of 0-0095 in. in steps of 0-0001 in, An 
increased range of control up to 0-038 in. is available 
in the direction of disengagement, to allow roughing 
cuts to be made, leaving a uniform amount of material 
to be removed by a subsequent finishing cut, using the 
same tape. By the use of these cutting-depth controls, 
the operator is able to attain the ultimate accuracy of 
which the machine and system are capable, correcting 
where desired from measurements made on the work. 
A further facility provided is a switch which reverses 
or mirrors the machine movement in the direction of 
any one axis. This permits production of accurately 
matched facing parts, using the same tape. 
Accompanying each reel of tape, or set of reels, is 
a machining instruction sheet, which gives the operator 
the information he needs to perform the task. This 
sheet indicates to him : 
1. The workpiece clamping zones, outside which it is 
not safe to place clamps 
2. A list of operations to be performed 


3. The cutters and spindle speeds to be used for each 
operation 


4. A record of the magnetic tape reels used, and ap- 
proximate duration 


5. The maximum feed rate, for guidance only 


6. The positions of all planned stops in relation to the 
workpiece, together with the corresponding tape foot- 
age indicator readings 


7. Instructions for roughing—finishing operations, etc. 









SET DATUM USING O-I SLIP 
SET SPINDLE TO CLEAR W’KPCE. 

DRILL & BORE UNDER HAND CONTROL 
SET Z-DATUM TO C3, USING O-I" SLIP 


A.E.1. CONTINOUS CONTROL OF MACHINE TOOLS 
MACHINING INSTRUCTION SHEET 


TOB No. ; SHEET No. | 
> CUSTOMER: OF | SHEETS 
TITLE: 


Fig. 4 Instructions that accompany the magnetic tape 
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A typical machining instruction sheet is shown in Fig 4. 
It is largely made up at the planning stage, tape footage 
and other information about magnetic tape being added 
when the magnetic tape is recorded. A workpiece 
record card is also provided, for entering details of 
settings concerned for each particular work-piece. 


Field of application 

This type of machine control is particularly applic- 
able to high-precision machining of difficult compon- 
ents, press tools, dies and the like. The more compli- 
cated the operation, the greater is the saving in the time 
of both machine and operator. For very large machines 
the Helixyn may be replaced by conventional rack- 
driven synchros, with which the same control equipment 
may be used. In this case the cycle length is made 
larger, with a corresponding increase in maximum avail- 
able operating speeds, for example up to 200 in./min 
for a system having a lead of 0°5120 in. 

The true economics of adopting tape-control are not 
easy to assess, but in general terms the extra cost 
involved is balanced by increased productivity of 
machine and operator. Many less tangible savings may 
result from reduced delivery times, smoother produc- 
tion flow, fewer types of machine installed, economies 
in labour, etc. In some cases it may be more economic 
to manufacture spare parts on demand than io store 
spares, especially where these are large components. 


To be continued 
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When men have been almost eliminated from the 
factory, the company is analogous to an animal 
with only a hinder brain. The survival value of such 
an automatic system does not appear to be high 


The cybernetic company 


by STAFFORD BEER 
The United Steel Co's. Ltd. 


A CYBERNETIC SYSTEM IS RECOGNIZABLE BY THREE 
outstanding characteristics. It is exceedingly complex: 
to the point where its interconnectivity is indefinable in 
detail. It is exceedingly probabilistic: to the point where 
its structure, though complex, becomes undifferentiated, 
and every trajectory is equally probable. It is unreal 
to suppose that any such system can be controlled by 
the imposition of rules from outside; because the sys- 
tem by definition defies analysis, and therefore no test 
can be applied by which the adequacy of the rules 
could be judged. The third characteristic of a cyber- 
netic system is therefore that its fundamental organiza- 
tion is generated from within: it is self-organizing. 

Any industrial company is, by these preliminary 
criteria, a cybernetic system. We may go further, and 
regard it as an integrated living organism operating 
within an environment. This organism has a physical 
manifestation in a works (its body), and a set of inter- 
acting systems which nourish, energize, and regulate it 
(its digestive, cardio-vascular and endocrine systems). 
It has a rate of working (its metabolism); it can grow 
by reproduction at the cellular level (mitosis), and can 
duplicate itself in subsidiary companies by reproduction 
entire. 

Above all, it must interact intimately with its environ- 
ment: the nature of this interaction has been little 
explored. For there are only a few formal links which 
are generally recognized as standing for this connexion 
between the company and the world outside, and these 
by no means reflect the abundant interaction that actu- 
ally exists. A file of official correspondence ostensibly 
records the passage of information; but this does not 
reveal the personal contact behind the letters, nor the 
innuendoes they may hold for the recipient, nor the 
conventions by which they conceal what is meant, nor 
the information about the supplier contained in the pro- 
duct itself and its mode of delivery, nor the information 
about the customer contained in his acceptance of a 
slightly off-standard product. People may understand 
the intimate relationship between the company and its 
environment, but they have no formal model adequate 
to its expression. 

Analogical thinking about the company as an organ- 
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ism can be continued in this literary vein indefinitely; 
and I believe that (if necessary) the model of the com- 
pany, Operating within its context of supply, demand, 
labour market, business confidence, and so on, could 
be mapped with scientific precision on to an organism 
living in its enviroment. But we will assume that no 
serious objection exists to the drawing of this analogy, 
and pass to the question of the higher levels of control 
by which a system that is already viable in a passive 
sense achieves purposeful activity. 


The company an organism 

This involves a consideration of the nervous system. 
The flow of information between an industrial concern 
and its environment, and within the concern as affect- 
ing its own behaviour, is to be considered as an ana- 
logue of the flow of information into the sensory recep- 


tors, through the neural network, and out of motor 


activities in the organism. Again, a fairly loose analogy 
is adequate for our purposes at the lower levels, because 
no detailed use will be made of the comparison. Con- 
sider an automatic factory. This is very like an animal 
with only spinal control; it has a certain internal 
cohesion, and reflex facilities at the least. When automa- 
tion has finished its work, the analogy may be pursued 
in studying the diseases of the organism. For machines 
with over-sensitive feedback begin to hunt—or develop 
ataxia*; and the whole organism may be so specialized 
towards a particular environment that it ceases to be 
adaptive: a radical change in the market will lead to its 
extinction. This is why ‘ automation’, in the generally 
accepted engineering usage of the term, is applicable 
only to industries (such as the automobile industry) with 
a guaranteed effective demand, a fairly rigid design 
policy, and a merely superficial response to a relatively 
slow cycle of change (e.g. fashions in colour, size of tail 
fin). The cybernetic factory seeks a more adaptive, more 
readily responsive, automatic system, which would be 
capable of controlling any kind of company. 

When men have been almost eliminated from the 
factory, and it runs smoothly and efficiently by auto- 
matic regulation, error-controlled feedback, and pro- 


*Lack of muscular co-ordination owing to brain disease.—EDITOR. 













































































































































































































































































grammed response to a specified and limited variety 
of situations, we have the living organism of the com- 
pany as the analogue of (say) an animal whose nervous 
system stops at the cerebellum (the hinder brain). It is 
sentient: ‘aware’ in the sense of a capacity for auto- 
nomic* response to states of its own body and a limited 
range of stimuli from the outside world; but it is suffer- 
ing seriously—and indeed fatally—from sensory depri- 
vation. At present, such an automatic factory must rely 
on the few men left at the top to supply the functions 
of the cerebrum (the part of the brain most concerned 
with voluntary processes). And we may note that, even 
if they constitute a board with high intellectual ability, 
the whole organism is a strange one—for its brain is 
linked to the rest of its central nervous system at dis- 
crete intervals of time by the most tenuous connexions. 
The survival-value of such a creature does not appear 
to be high. 

The concept of a cybernetic factory is that the indus- 
trial company as a whole is a living organism; and it 
must display the features by which a living system oper- 
ates if it is to remain viable. Now, in the past, indus- 
trial companies have been like this: they were self- 
organizing systems, and they were viable. But as econo- 
mic and social pressure increases, they are increasingly 
driven to become more efficient, more specialized, more 
automatic, and so on, all of which tendencies threaten 
their long-term existence. Competition in our modern 
society forces management to aim at high and rapid 
profits: in biological terms, at dominance; and with 
biological dominance is linked (as a fact of natural 
science) decreasing adaptability. It is only with man, 
with the emergence of intelligence and the ability to 
predict, that this trend in evolution has been checked 
(we hope: but the state of the world to-day suggests 
that nature may yet impose her veto on the dominant 
species). For, we say, man is a highly specialized crea- 
ture who has nevertheless retained his adaptability by 
growing a large brain and obtaining volitional control 
of himself in relation to his environment. Thus he loses, 
by specialization, his prehensile toes and tail; but he 
invents machines called ‘ lifts ’ which still enable him to 
climb the Eiffel Tower in safety. 


The brainless factory 

When we turn to contemporary management theory, 
we are not surprised to find that techniques are aimed 
at short-term dominance. Pay-off is paramount, and 
the five-year plan is regarded as a triumph of perspi- 
cacity. Accountants are expected to organize institu- 
tional information to the maximization of profit; linear 
programmers are asked to solve scheduling and trans- 
portation problems under the minimizing function of 
cost; publicity men are awarded large appropriations 
to make less mutable an environment to which the 
organism cannot adapt itself. If the dinosaur can no 
longer live in the world, the world must be turned into 
a dinosaur sanctuary. 


*The autonomic nervous system is concerned with subconscious processes in 
the body—it is not under voluntary control.—ED:TOR. 
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This will not do. The simply spinal animal is short of 
a built-in cerebrum; and the automatic factory is short 
of a built-in brain. The research discussed in this paper is 
directed towards the creation of a brain artefact capable 
of running the company under the evolutionary criterion 
of survival. If this could be achieved, management 
would be freed for tasks of eugenics: for hastening or 
retarding the natural processes of growth and change, 
and for determining the deliberated creation or extinc- 
tion of whole species. 


Practical approach 

It is possible to contemplate the problems of creat- 
ing a cybernetic factory from an armchair, but very 
much more valuable to study them in an actual works. 
We have been most fortunate in having the opportunity 
to do so. 

The company concerned is a relatively small, self- 
contained firm whose product is steel rod manufac- 
tured in a variety of sizes and qualities. At the time 
when the work began the company had just acquired 
a new senior management group which had every inten- 
tion of modernizing and improving an already prosper- 
ous firm. My department joined with them in this task, 
and a three-pronged attack was launched using the 
methods of work study, operational research, and cyber- 
netics. Stock control, stores control, financial control, 
cost control and other fuctions of management were 
investigated; proposals were made, accepted and imple- 
mented. The plant itself was intensively studied: some 
of its equipment was changed, and (with the co-opera- 
tion of an engineering consultant) a revolutionary kind 
of mill was developed and is now undergoing trials. 
Automation was extended by the management, and 
several radically new kinds of electronic control equip- 
ment were invented by the study team. This is back- 
ground information only; but it will be seen that under 
its new executives the company rapidly attained the 
status of a first-rate up-to-date concern, with consequent 
benefits to its economy and stability. 

The cybernetic study, beginning with the concept 
already explained, went on to construct a model of the 
company organism in its environment, and to detect the 
brain-like aspects of its control. A generalized model for 
a brain artefact is being evolved as the theoretical basis 
for a machine to undertake the functions of an auto- 
matic brain. Simultaneously, a specialized theoretical 
model appropriate to controlling an industrial com- 
pany is being constructed as a means of linking the 
developing theory with real life. This special theory 
derives from a detailed operational-research analysis 
using actual data, in which an arbitrarily chosen set of 
the intended operations of the brain artefact is used to 
direct calculations carried out by hand and eye. The 
results are offered to management as at least ‘ partly- 
cerebrated ’ information, and have an immediate prac- 
tical significance and value. Thus the theoretical work 
directs the growth and exploitation of its own evolving 
exemplification in real life, while the real-life exempli- 
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fication helps to generate and validate the theory. All 
this work is virtually complete.* The next and final 
stage is to construct machinery capable of interpreting 
the full theory in practice. 

In other words, the approach has been to study 
what actually happens, using the language of organic 
cybernetics to structure it; and to develop both 
a special and a general theory to account for it. The 
special theory is ad hoc; it is put into effect by empirical 
methods: recording, analysis and synthesis of actual 
data; statistical, mathematical and logical investigations 
of these data; graphical methods, calculators and com- 
puters; construction of perspex models; cinephoto- 
graphy of the model of the adapting organism in its 
environment. The general theory claims, on the other 
hand, to be general in two ways. It does not make 
arbitrary decisions about the nature of reality, as any 
exemplification of the special theory has to do; and 
it is not uniquely appropriate to an industrial com- 
pany, as the whole special theory has to be. 


Presentation of the theories 

There is no particular virtue in placing the general 
before the special theory. It is perhaps more natural for 
cyberneticians to consider the generalization first, as 
offering a more complete insight, and to regard the 
special theory as a limiting case. The man more versed 
in industry, however, might prefer to master the special 
theory first, as offering a tangible example of the think- 
ing. In the latter case, he must be careful to recognize 
that questions settled there empirically are dealt with 
by quite other means when considered by the general 
theory. 

This leads to the elucidation of a difficult point. The 
special theory deals with brain artefacts for cybernetic 
factories, and the general theory with brains and their 
artefacts. It is not possible to present here either theory 
in full (they are both incomplete, in any case),* but the 
status of the cybernetic machine it is intended to build 
can be best understood as a manifestation of the special 
theory and an exemplification of the general theory. 

It is worth adding a few words about the general 
theory and its relevance to neurophysiology. At the start 
of this work, I made serious attempts to distinguish 
between my understanding of the living brain on the 
one hand, and the invention of the brain artefact on the 
other. A word such as medulla refers to something in 
the head; a ‘ medulla’ in an artefact is not a genuine 
medulla. But the term has to be used, because there is 
no counterpart in engineering, and so it went into in- 
verted commas. But I am not a neuro-surgeon; doubt- 
less the aspects of the medulla I had in mind were 
insignificant properties of the real medulla. Before long, 
the word medulla was appearing in two kinds of print 
and two sets of commas. Meanwhile, I had become 


simultaneously so involved in the brain and the com- 
°A formal account, together with the material on which this article is based, 
was given by the author in his paper Towards the Cybernetic Factory, delivered 


at the Symposium on Principles of Self-organization, Illinois University, 7-10 
June, 1960. The full proceedings are to be published in due course.—EDITOR. 
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pany and the artefact and the logic, that it was not any 
longer possible to be sure of which I was thinking. 
The conventions adopted disintegrated, so they were 
discarded; and I proceeded as if there were no differ- 
ence between any of the manifestations of brain—in 
reality, in analogy, in machinery, and so on. 

In a sense, this does not matter. For the object is to 
obtain a mapping of a brain on to a machine, and 
insofar as this is done they are the same things. The 
critical word is * insofar’. In speaking of ‘ the brain’, I 
speak only of a useful slant on a useful aspect of the 
brain. What ignorance this causes me to betray about 
the living jelly in all our heads I dread to think; but I 
trust my fellow workers in this field will sympathize, 


for they have met the same expository difficulties 
themselves. 


Prospectus of an artefact 
Experiments have been conducted for a number of 
years by a number of people into possible artefacts 
having self-organizing properties. Most of them have 
been concerned with devices using standard electronic 
techniques (that is, up to and including the use of tran- 
sistors), and standard computer technology (that is, up 
to and including the most advanced machines for busi- 
ness and industry). A great deal has been learnt from 
these researches, but I consider one outcome to be that 
these standard approaches (as I have just called them) 
are unsuitable for the artefact considered in this paper. 
There is no need to provide detailed objections to 
such approaches here. The most cursory consideration 
of the sheer size of a ‘ standard ’ computer-like artefact 
for controlling a cybernetic factory rules them out. But, 
following some study of the logical status of electronic 
brain-analogues which was reported four years ago,* 
I came to the conclusion that the real secret “lay not 
in pragmatic considerations of constructability, but in 
the logical structure of the analogue fabric itself.+ This 
is not a trivial statement, in my view. As a constructor 
of machines man has become accustomed to regard his 
materials as inert lumps of matter which have to be 
fashioned and assembled to make a useful system. He 
does not normally think first of materials as having 
an intrinsically high variety which has to be constrained. 
But there are new developments in solid-state physics 
which may resolve the objections to ‘ standard’ elec- 
tronics. With micro-modules (as announced by the 
Radio Corporation of America), an electronic compo- 
nent is envisaged—perhaps for the first time—as a wafer 
of material of uniform size and shape that has been 
constrained rather than fashioned to behave in a de- 
sired way. Even so, the emphasis is still on the size 
criterion rather than the fabric criterion: micro-modules 
must still be assembled to a circuit design. A further 
stage is reached by molecular electronics (as announced 
by Westinghouse) in which differential behaviour is 
obtained between domains of molecules inside single 
*‘A Technical Consideration of the Cybernetic Analogue for Planning and 


Programming *, by Stafford Beer, Proc. ist Int. Conf. Cybernetics (Namur). 
+* Cybernetics and Management *, by Stafford Beer, English University Press. 
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crystals. Again, however, the assembly must be designed 
topologically; and again there is the emphasis on size. 
Now this emphasis clearly derives from the military and 
astronautical relevance of these developments, and is 
unobjectionable; but the cybernetician will need to 
make an intellectual effort to adjust the emphasis 
towards the changed analogue of fabric that is implied. 
The effort required is so great that so far I am unable 
to see how ‘design’ can be eliminated from molecular 
electronics. 

Probably the most adaptable fabric for our purposes 
which has yet been made to work in an actual cyberne- 
tic machine is the colloid developed by Gordon Pask. 
Electrochemical machines in general offer an apparently 
more amenable fabric than the physical semiconductors, 
and other workers in Britain are researching on similar 
lines. George’s experiments with cotton threads soaked 
in sodium hydroxide, which measure conditional proba- 
bilities by their changing conductivity as impulses are 
passed through them, are cases in point. Some people 
have given thought to the use of organic materials, such 
as the lipids, to provide semi-permeable membranes as 
a delicate analogue fabric; and in general the interfaces 
between aqueous liquids offer a means for topological 
constraint of an undifferentiated or high-variety fabric. 

This is not an exhaustive review of other people’s 
work: these ideas are drawn together to lead into what 
I regard as a list of important features for any proposed 
analogue fabric for an industrial brain artefact. A high- 
variety material is required which can be topologically 
constrained, and reversibly, by simple low-energy inputs. 
Structuring of the fabric thus obtained must supply 
requisite variety for absorbing input variety. The struc- 
turing and its associated measures of information must 
be ‘ readable’, not indeed in the (by now) trivial sense 
of offering a digitized output, but as a mapping of itself 
on to an external situation from which feedback can be 
supplied to the inputs. None of these activities needs 
to be a linear function, nor even a definable function, 
of input. The whole assembly is a black box, and needs 
no designing. In it solutions to problems simply grow, 
as Pask’s metallic threads grow. And to bring the issue 
back to solid-state physics, if a ribbon crystal of ger- 
manium can be made to grow from a melt with differ- 
entiated domains (as is said to be possible), then by 
including the melt in the system semiconductors be- 
come possible fabrics again. 


Wrong objectives 

Now all this is said to contend that we may have 
been looking for the wrong thing in cybernetic research 
into possible artefacts. There may have been too much 
concern with assembling to a design, and with forcing 
materials to conform to that intention. 

In terms of electronics, K. D. Tocher is building a 
large apparatus for constructing an almost infinite 
variety of black boxes out of eighty units consisting of 
non-linear electrical networks. Inputs and outputs can 
be selected arbitrarily from possible nodes of the sys- 
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tem, which is driven in terms of information by an 
extremely fast random-number generator with thermi- 
onic diodes as sources of noise. It is intended to ex- 
plore homeostatic structures in regard to the time taken 
to reach equilibrium with this machine. 

The formal logical properties of systems that grow 
are being investigated by R. A. Cuninghame-Green on 
a Pegasus computer. The program under develop- 
ment is intended to provide a specification for a suitable 
analogue fabric for an artefact, which can then be 
quoted in the search for materials. 

But so far the most valuable lead in my own mind 
concerns the use of organic systems themselves. In 
mentioning lipids just now I quoted an organic sub- 
stance; anyone could be forgiven for asking why a 
material such as lecithin should be considered when it 
is so difficult to control compared with various sterile 
substances of similar molecular properties. But I now 
speak boldly of animals and animalcules themselves. Do 
not colonies of living things, which are reproductive 
(and therefore ‘self-repairing’ as a fabric), offer a 
fabric that meets the specification recently set down? 
Even molecular electronics cannot rival a living organ- 
ism for size, much less for cost. 


Games to solve equations 

In pursuit of this idea I have undertaken a number 
of experiments, notably with human beings, for they 
are readily available and capable of introspection when 
the experiment is over. The object has been to make 
use of the natural behaviour of a system with living 
components to find equilibria in another system of 
which these components are ignorant. In this way I 
have obtained solutions to simultaneous linear equa- 
tions from pairs of subjects who imagined that they 
were seeking an equilibrium in an exceedingly simple 
letter game—the ostensible object of the experiment. 
Children who have never heard of an equation can 
reach the same results; and I see no reason why (for 
instance) mice should not be similarly employed if the 
letter game is translated into a ‘cheese game’. The 
theory behind this work has been the transformation 
of the actual problem language into homomorphic map- 
pings inside another kind of, and simpler, problem 
language the handling of which is natural to the parti- 
cipants. This is to amplify their intelligence in exactly 
Ashby’s sense.* The apparatus used was a system regis- 
tering pain and pleasure for the participants. This is 
easily constructed for human beings, who are simply 
told to entertain a red light as meaning pleasure and a 
green light as meaning pain. For animals the pleasure- 
pain mechanism would require more thought. 

The point of the discursive review above is simply 
to emphasize the importance of the analogue of fabric 
in constructing artefacts of the kind discussed. This is 
not the place to record all the work done in this field 
meticulously, but I have tried to give an indication of 
the breadth of approach that seems necessary. 


** Design for an Intelligence Amplifier’, by W. Ross Ashby, Automata 
Studies, Ann. Math. Studies No. 34, 1956, Princeton University Press, 
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An automatic transmission should preferably not be bigger, 


heavier, or more costly than the manual one it replaces. Although 
this parity has not yet been achieved, most American passenger 


IN THE EARLIER DAYS OF MOTORING, DRIVERS TOOK A 
pride in skilful manipulation of their somewhat crude 
mechanisms. At the present time, however, considerable 
reductions in the necessary strength and skill of drivers 
are possible, and are becoming even more necessary 
as the automobile is spreading to all parts of the world. 
The incorporation of various types of servo-assistance 
and servo-control into automobiles has gone on for 
some time and will no doubt continue to increase. 

In a simple instance, the use of a pneumatic servo- 
cylinder to assist a driver in the operation of the 
vehicle’s brakes is so common as to be taken for granted 
in commercial vehicles, and is also available for passen- 
ger cars (Edge 1954). More recently, the application of 
power assistance to steering mechanisms has involved 
the introduction of servo-mechanisms of more refined 
design (McCarthy and Wieklin 1955). With the intro- 
duction of automatic transmission into automobiles, the 
servo-system has to carry out a number of different 
operations. Not only, for instance, is it necessary to 
engage and disengage friction clutches and brakes in a 
smooth and progressive manner, but the selection of 
a new gear-ratio, and the choice of road speed at which 
it is introduced, are other duties of the control mechan- 
ism. As a result, the servo-system for most automatic 
transmissions has become rather more complex. 


Driver’s requirements 


Most of the primary vehicle controls, such as the 
accelerator pedal, brakes, steering, etc., could be classi- 
fied as of the ‘open’ type. It should be realized, how- 
ever, that a driver of a vehicle possesses all the necessary 
faculties to turn an open system into a closed control 
loop. The process of driving a vehicle depends almost 
entirely on the driver’s reactions to the vehicle’s motion, 
and the senses of sight, balance, touch, hearing are 
particularly important in this respect. In most power 
controls for vehicles it is therefore necessary to main- 
tain some connexion between the driver and the con- 
trol, so that he may be helped to avoid certain limits 
of operation. In power steering or power braking, for 
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cars have automatic transmission: that is a measure of its success 


Servo-controls in automobile transmissions 


by J. G. GILES, s.sc.(ENG.), M.1.MECH.E., A.M.I.E.E. 


Motor Industry Research Association 


instance, it is usual to provide less than the full power 
necessary to operate the control, or to introduce an 
artificial ‘feel’ into the system. In transmission control 
systems, however, the reaction between the driver and 
his seat gives him most of his data, and he would re- 
ceive adequate aural indication of wheel-spin, excessive 
engine speed, or other malfunctioning. 

In automobile transmissions there is often some 
ambiguity of choice in the middle speed range of a 
vehicle, when it is possible to choose any of several 
gear-ratios. The lower gears are normally employed if 
acceleration, or hill climbing, is required, whereas a 
higher gear is used for cruising and high speeds. At 
some intermediate condition, there is the possibility 
that the choice of ratio would be dictated by some 


Throttle Accelerator 
control link 






Driver's 
control 


Ratio Road-speed 
selector data 


Fig. 1 Main components of an automatic transmission system 


external influence, such as weather, traffic, or the nature 
of the road ahead. A transmission control system does 
not require ‘feel’, but must allow the driver to influ- 
ence the choice of ratio at any given time. In most 
cases an ‘override’ or manual control is necessary to 
permit the driver a completely different selection of 
ratios for steep descents, or for negotiating slippery 
roads. In these particular conditions, the sequence of 
gear changing is quite different from that for normal 
road use, and no single gear-change ‘law’ would be 
satisfactory for determining the transmission ratio of 
a vehicle according to its speed of travel. Automatic 
controls for vehicle transmissions must therefore -allow 
for variations in the wishes and intentions, and pos- 
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Fig. 2 Typical method of automatic control for a vehicle 
transmission 


sibly even the personality, of the driver, and permit 
him completely to override the ‘brain’ or control sys- 
tem if necessary. 


Control of an automobile transmission 

The transmission exists in an automobile so that the 
full or nearly-full power of the engine can be available 
over a wide range of road speeds. An automobile trans- 
mission provides a number, or range, of ratios, per- 
mitting about a 4:1 extension of the engine output 
speeds. The accelerator pedal—as its name implies— 
provides a well-accepted and natural method of con- 
trolling a vehicle’s forward speed. An automatic trans- 
mission can be arranged to use this pedal as part of its 
control system, so that the engine and transmission 
operate together to provide an increased tractive effort 
throughout the full range of available road speeds when- 
ever the accelerator pedal is depressed, and a reduction 
in tractive effort when this pedal is released. 

In Fig. 1 are shown the basic components required 
to provide tractive effort in this way. They are the 
engine, transmission, driving axle and wheels of an 
automobile. These items can be regarded as a means 
of translating a ‘push’ from the driver’s foot into an 
additional thrust from the engine and transmission to 
accelerate the vehicle, and vice versa. The transmission 
will change its speed ratio so that the engine is kept 
within its normal working range of output speeds and 
torque, and to do this the transmission contains a ratio- 
selecting mechanism which acts on information obtained 
from the output (road) speed and from the accelerator 
pedal position. This combination can be expressed in 
the form of a block diagram as illustrated in Fig. 2. 

In most instances the governor, or selector mechan- 
ism, will effect a ‘ gear change’ in the transmission, and 
the result will be a sudden change or step in the engine 
speed, etc. It will be obvious to control engineers that 
if a stepped-ratio gear-box is included in the transmis- 
sion, some overlapping of choice in inevitable and hunt- 
ing, or rapid gear-changes between two ratios, will 
result. Moreover, the ratio changes occur at a road 
speed which needs to be varied according to the driver’s 
wishes, and this can lead to further difficulties. The 
accelerator pedal is employed to detect the driver’s 
intentions and this may bring about a condition called 
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‘throttle sensitivity’, in which the transmission may 
change gear with only slight changes in pedal position. 
In a particular example of a current automobile trans- 
mission, it is possible to obtain any of four forward 
gear ratios at 20 mile/h, depending on the accelerator 
pedal position. At this road speed this transmission is 
extremely ‘ fussy ” or throttle-sensitive. 

Methods are available, of course, for dealing with 
throttle sensitivity or hunting, but the result usually 
departs from the most desirable operation, which is 
to obtain the engine power most economically. The 
present trend towards hydraulic transmissions that give 
a variable range of torque and speed ratios will do 
much to ease these control problems, which are a fea- 
ture of the stepped transmission. 


Some typical components 

A popular feature of American transmissions is a 
hydrokinetic fluid converter which is of European ori- 
gin. This is equivalent to a centrifugal pump driving a 
turbine, and uses a light oil as the working fluid. A 
stationary ‘ reactor’ collects the fluid from the turbine 
and directs it back into the pump for re-circulation. 

This converter has the interesting property that tur- 
bine output torque increases automatically as the turbine 
speed is reduced. The three elements—pump, turbine, 
and reactor—are analogous to a simple servo-mechan- 
ism loop (Fig. 3). The flow of fluid from the turbine to 
reactor is affected by changes in turbine speed, and 
the reactor communicates this change as an ‘error sig- 
nal’ to the input or pump member, by virtue of the 
change in fluid flow. As a result, the fluid flow will be 
altered in the pump member to provide the necessary 
increase or decrease in turbine torque. 

The automatic action of this device is a great draw- 
back for most automobile transmissions because it is 
difficult to introduce the necessary driver’s influence 
without considerable complication. Because the avail- 
able range of ratios from this fluid converter is small, 
it is usual to employ an auxiliary gear-box having two 
or three ratios. The driver’s ‘ override’, and his other 
influences on the operating ratio, can be built into this 
gear-box, and a typical American transmission consists 
of a combination of an automatic gear-box with this 
fluid converter. 


Fig. 3 Comparison 

of a fluid converter 

with a simple servo- 
mechanism locp 
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A more conventional hydraulic control system is seen ring, or vane track, inside the casing, so as to vary the 
diagrammatically in Fig. 4, which shows a simple follow- eccentricity of this ring relative to the rotor centre. In 
up servo-mechanism used in a hydraulic transmission view of the level of fluid pressures within the hydraulic 
which is being studied at the Motor Industry Research drive, the main hydraulic circuit is used to supply fluid 
Association (Anon 1957). In this transmission a hydrau- pressure. As shown, the control valve, and the valve 
lic drive is combined with gearing in a shunt arrange- sleeve connected to the guide ring, direct pressure to 
ment which ensures that the hydraulic drive never trans- one chamber or another to move the guide rings. 
mits more than a small fraction (about one third) of The movement of these guide rings follows that of 
the input power. The hydraulic drive is of a slipper- the control valve, and thus the overall ratio of the 
vane type, suitable for operating over a wide speed- transmission is determined by the position of the con- 
range and capable of delivering large volumes of fluid. trol valve. As seen in the diagram, a simple linkage 
As a result the operating pressures are not much in can combine the movement of a centrifugal governor 
excess of 500 Ib/in?. with that of the accelerator pedal, to determine the posi- 

Variation in the speed and torque ratios of the trans- tion of the control valve and hence the ratio attained by 
mission is made by adjusting the fluid delivery from the transmission. This conception of a hydraulic trans- 
pump and motor units of the hydraulic drive. The fluid mission offers much in the reduction of complication 
delivery from each unit is altered by sliding a guide and costs, and the shunt arrangement helps to give an 

Typical components in hydraulic control systems for automatic transmissions . 

SECTION OF HY DRAULIC CONTROL SYSTEM ve DESCRIPTION OF COMPONENT PURPOSE 







Supply of hydraulic power Front pump (driven by engine) 


To ensure adequate supply of fluid power at all times. 
Rear pump (driven by road wheels) 





Pressure regulator valves To control and regulate the pressure of the main supply 
Pressure relief valves of fluid. 















Non-return valves To guard against loss of pressure due to component failures. 





Filter(s) To provide a clean, cool, supply of fluid for all service and 
Reservoir to fill the fluid converter or coupling. 
Cooler 


Automatic selector *Throtule’ valve To obtain a supply of fluid at a pressure proportional to 
the movement of the accelerator pedal. 















*“Governor’ valve To obtain a supply of fluid at a pressure proportional to 
road speed. 





‘Shift’ valves (‘Down-shift’, or ‘Kick-down’ valve) For comparing throttle pressure with governor pressure. 








‘Servo’ and ‘Apply’, valves (‘Transition’ valve) Valves used to operate clutches and bands or to initiate 


a gear change. 





‘Compensator’ and ‘Boost’ valves (‘Modulator’, 
‘Reducing’, and ‘Regulator’ valves) 





To vary the pressure of a fluid supply according to engine 
or road conditions, 

Devices for producing mechanical Multiplate clutches For coupling and uncoupling gears or other rotating parts. 
loads and movements 


Friction bands and brakes 





For stopping and releasing gears or other rotating parts. 








* Pistons’ and ‘Servos’ For generating mechanical forces to operate friction brakes 


and clutches 






*‘Detent’ valves and ‘Inhibitors’ (‘Lock-outs’) 







For operating locks and preventing unwanted movement of 
valves, etc. 





Miscellaneous valves and controls 






Accumulators For storing and/or regulating the flow of hydraulic power. 
Orifices, Restrictors To regulate, or time, certain fixed sequences and fluid 
flows. 


Manual valves For manual selection of gear ratios or services. 










Park lock A mechanical transmission brake for parking. 





CONTROL June 1960 101 





























































































































Control pressure 
Lubricating 
WI7AA, Compensator pressure 


Converter f 


— 


> NZ 

‘oor 
AO) 

oe 


Kp 
ZZ 


— on 
N ROY 


“VZV Y 


oa 


Fig. 5 Schematic diagram of a hydraulic control system for an automatic transmission 
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1 Front clutch. 2 Rear clutch. 3 Front band. 4 One-way clutch. 5 Rear band. 6 Converter. 7 Front servo. 8 Rear servo. 9 3-2 kick-down control 


valve. 10 Check valve. 11 2-3 shift valve. 12 1-2 shift valve. 13 3-2 coastin 


control valve. 14 Inhibitor valve. 15 Rear servo-lock-out valve, 16 Con- 


verter pressure-regulator valve, 17 Transition valve. 18 Throttle reducing valve. 19 Governor. 20 Manual valve. 21 Front pump check valve, 22 down- 
shift valve. 23 Throttle valve. 24 Rear pump check valve. 25 Rear pump. 26 Control pressure-regulator valve. 27 Compensator valve. 28 Front pump. 


29 Compensator plug. 30 Compensator cut-back valve. 31, 


improvement in the overall efficiency as compared with 
a simple hydraulic drive. 

The M.LR.A. transmission is, of course, in its experi- 
mental stages, and the current forms of automatic trans- 
mission possess much more complicated control systems. 
These transmissions combine a hydrokinetic converter or 
fluid coupling with an automatically operated gear-box, 
and a hydraulic control system is employed to operate all 
normal functions. Briefly, a hydraulic control system will 
contain most of the components in the table on p. 101. 

A complete hydraulic control circuit presents a some- 
what formidable picture (Fig. 5). However, these con- 
trol systems usually start life in a simple form. Addi- 
tional circuits are added as experience and testing 
reveal a need for some added function or service. A 
complete explanation of the illustrated circuit would 
require greater space than this article allows, but the 
diagram does give an indication of the design and 
development task involved in producing a satisfactory 
control system for an automatic transmission. 

The final and perhaps most difficult task for an auto- 
mobile engineer is to produce a mechanism which is 
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32 Screen. 33 Cooler. 34 Modulator valve 


acceptable to the motor trade. Not only must the trans- 
mission carry out all the necessary duties for road use, 
but it must be capable of being handled by average 
and less skilful drivers and being serviced in a normal 
manner by garage staff. In addition to this, an automatic 
transmission should preferably cause no increase in size, 
weight, and cost over the parts it replaces. These last 
requirements have of course not yet been achieved, but 
in the U.S.A. automatic transmissions are now more 
common on passenger cars than any other type of trans- 
mission. In view of this large volume of production, 
the American transmission manufacturer is able to 
select materials and production processes particularly 
suitable to the purpose, thus providing designers with 
a wider range of choice. 
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Fig, 5 is reproduced by courtesy of Ford Mechanic. 
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The theory of switching has been consider- 
ably extended in the last two decades, and 
this was well brought out at Harvard 
during an international symposium there 


The diverse nature of switching 


by ANDREW D. BOOTH, p.sc., PH.D. 
Birkbeck College, London University 


IN APRIL 1957 AN INTERNATIONAL SYMPOSIUM ON THE 
Theory of Switching was held at the Computational 
Laboratory of Harvard University. The papers and dis- 
cussions have now appeared in the form of two hand- 
some volumes in the series produced by the Computa- 
tional Laboratory of Harvard,* and so are available to 
specialists who were unable to attend the original Con- 
ference. Looking at the contents of these volumes, it 
becomes apparent that the theory of switching has 
extended from elementary topics in relay switching, of 
the type first discussed by Claud Shannon over twenty 
years ago, to include the design of computing machines, 
electrochemistry, pure mathematics, cryogenics, micro- 
waves, and even chemistry. 

Just as, in the two or three years immediately follow- 
ing the second world war, the great interest for English 
readers was to discover what had been going on in the 
United States whilst their own attentions had been dis- 
tracted elsewhere, so after a lapse of fifteen years the 
penetration of the ‘iron curtain’ is providing some 
surprises and much interest for scientists in the western 
world. At the Harvard Conference there were three 
papers from the Soviet Union and one from Czecho- 
slovakia, and although it appears that some of these 
were unfortunately not presented by their authors, the 
mere printing of this material in English is a consider- 
able service to other western engineers. 


Debatable value of abstract theory 


It is debatable whether an abstract consideration of 
switching theory, either in the form of Boolean algebra 
or in one of its extensions, has ever contributed to 
the design of any of the more efficient large-scale sys- 
tems, and numerous examples can be given of equip- 
ment carefully investigated by the methods of switching 
theory which, in the event, proved either to be ineffi- 


*Proceedings of an International Symposium on the Theory of Switching, 
Parts I and If. Harvard U.P. London: Oxford University Press. £6 per set. 
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cient or grossly redundant in terms of a common-sense 
approach to the design problems which are involved. 
Nevertheless, it should be evident that this line of devel- 
opment is not one which can be neglected, since there 
is always the chance that some significant discovery 
will come about through its further development. 


Self-reproducing automata 

One of the subjects which is of great importance in 
the present development of computing-machine tech- 
niques is the design and construction of self-repairing— 
or, more generally, self-reproducing—automata, and in 
the Harvard Symposium one of the pioneer workers in 
the field of digital computers, Arthur Burks, gontri- 
buted a paper on the logic of fixed and growing auto- 
mata. Burks sets out very clearly some of the require- 
ments of systems which are to exhibit the properties of 
growth, and shows that self-reproducing and self-repair- 
ing automata are special cases of what he calls ‘ growing 
automata’. His suggestion that a neural net which 
learns, or adjusts its environment by a process in which 
neuron thresholds change with use, is also a growing 
automaton, is perhaps somewhat more questionable, 
since most workers would consider that physical rather 
than mental growth is the type of thing to be expected 
in this context. However, Burks’ paper is an interesting 
introduction to the more recent work on plastic neurons 
which was reported at the Unesco Conference in Paris 
in 1959, and which will no doubt in due course be pub- 
lished. Burks’ writing has the happy knack of intelligi- 
bility, and this is more than can be said of at least one 
of the authors who contributed to the Paris Conference. 


Graphical aids in Boolean computation 

Another pioneer worker in the field of computers 
is Antonin Svoboda, who in this Symposium presented 
a paper on the applications of what he calls * contact 
grids’ the latter being defined by him as graphical 
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mechanical aids for computing in Boolean algebra. 
Whilst the usefulness of Boolean algebra as a design 
tool may be in question, there is no doubt whatever 
that, supposing eventually it is decided that design 
should proceed by such algorithmic processes, graphical 
aids of this type will be of considerable utility. It is 
interesting to see the way in which a protagonist of 
analogue computing techniques has spread his activities 
to enter what is effectively the digital computer field. 


Ferro-resonance 

Another paper in which surprising revelations occur 
is that by J. Garcia Santesmases on switching research 
in Spain. This paper contains an account of some of 
the early work of Torres-Quevedo, and some of the 
quotations from papers written as early as 1915 by 
Quevedo have a surprisingly modern flavour; for 
example, the statement that ‘it is always possible to 
construct an automaton so that each of its operations 
is detemined by certain conditions according to rules 
which may be arbitrarily imposed when the machine 
is designed ’, and from this the author goes on to give 
various illustrations of simple automatic devices. 
Santesmases has specialized in the design and develop- 
ment of so-called ferro-resonant devices, and some of 
the theoretical considerations which apply to these are 
given in his paper. In fact, Santesmases has now taken 
this subject very much further than appears in the 1957 
memoire, and he has shown that machines of great 
elegance and simplicity can be made by the use of the 
techniques which he proposes. It is perhaps curious 
that ferro-resonance has enjoyed such limited practical 
application in the United States, especially when it is 
remembered that a commercially available ferro-reso- 
nant flip-flop existed in America over five years ago. 


Transfluxors 

Jan Reichmann, originally a worker on that curious 
but now defunct beast the Selectron storage tube, has 
contributed to the Symposium an account of his more 
recent doings in the field of transfluxor circuits. The 
theory of transfluxors is not well documented in 
Britain, although one or two papers have appeared in 
the United States. Transfluxors seem to offer many 
advantages over other forms of magnetic storage and 
switching device, and the development of a rational 
theory of these units is likely to be of importance in 
the future. It is perhaps interesting to notice that one 
of the latest Russian computers, the Setoon, uses trans- 
fluxors in parts of its circuit structure. This machine, 
which is not only fast but also compact and allegedly 
reliable, may show how development could take place 
in the West if the present preoccupation with transistors 
were not so exclusive. 


Transistors and relays 


Yet another pioneer, this time of differential analysers, 
Samuel Caldwell, has contributed a refreshing paper on 
transistors. Caldwell’s paper, which is in essence a study 
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of the relationship between transistors and relays, is 
most interesting for the case history and example which 
it gives, and, although written in 1957, the conclusion 
which he draws is more or less applicable in Europe 
at the present time. It is as follows: he considered a 
concrete case of replacing a machine based on relays 
with one based on transistors, such replacement being 
necessary because the relay design was marginal with 
regard to speed. It first proved necessary to rethink the 
design entirely, since the mere replacement of a number 
of relay contacts mounted on one yoke by an equiva- 
lent number of transistors would be hopelessly unecono- 
mical. With the rethinking it turned out that an effec- 
tive design could be produced by the use of transistors 
in a synchronous system and that to do this a clock 
frequency of only 20 kc/s would be required. It is clear 
that such a clock frequency is well within the range of 
almost all transistors of the present age. However, 
Caldwell goes on to point out that even with the use 
of the sophisticated techniques available because of the 
high operating speed of transistors, the cost of the tran- 
sistorized version of his original relay device was in- 
creased by a factor of five, and for this reason the 
exercise was not pursued. Caldwell remarks that his 
predictions are likely to be proved inadequate in less 
than five years, but this is by no means certain, because, 
although the cost of many forms of transistor is decreas- 
ing, more exciting forms are appearing daily. Unfor- 
tunately the latter devices replace expense-wise the 
earlier transistors, so that, although the capabilities of 
equipment grow, the price appears to remain constant, 
and it may be that the avidity of the engineers for the 
new will always prevent the commercial exploitation of 
their products. 


Reducing interference 

Robert Minnick, in a short but interesting paper, 
considered the methods which could be used to enable 
a matrix storage system to be used by several computers 
simultaneously. This type of investigation was the fore- 
runner of more recent work which led to the develop- 
ment of so-called time-sharing techniques on recent 
computers. Minnick’s paper was largely concerned with 
the technological problem of reducing the mutual inter- 
ference between the simultaneously operating inputs and 
outputs and showed that, of three possible systems, only 
one gave any possibility of more than two simultaneous 
operations. 


Transistor circuits and magnetic amplifiers 

T. H. Bonn took up the question of precisely where 
transistor circuits have any real superiority over those 
which use magnetic amplifiers and concluded that, at 
any given frequency of operation, the delay was the 
only characteristic which rendered the transistor un- 
deniably superior to the magnetic amplifier, at least for 
a large class of computing networks. Bonn’s analysis is 
sound with the exception of one important factor, which 
is that a magnetic-amplifier-operated device needs an 
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alternating-current power supply of high power and fre- 
quency. It is true that no real difficulty exists in provid- 
ing such a supply, but computer designers seem to have 
an innate distaste for such things, and this may account 
for their neglect of the magnetic amplifier technique. 


Magnetics 

The way in which predictions are sometimes verified 
in practice is clearly shown by the paper presented by 
Herbert Callen on high-speed switching by rotational 
re-magnetization. Callen is concerned with computers 
whose ultimate speed is limited only by the velocity of 
light, and with this in view he investigates certain 
methods of switching which might be possible by the 
use of thin magnetic films. The paper itself is now of 
more or less historic interest, because recent work by 
Prutton and Bradley has produced thin-film matrix 
storage using mechanisms which greatly resemble those 
which Callen discusses, but the paper is perhaps a 
pointer to the way in which observations made by physi- 
cists can sometimes show the electrical engineer how 
his subject will appear after a few years. 

Maurice Karnaugh contributed yet another paper on 
an aspect of magnetics as applied to computing 
machines. This concerned the important question of 
magnetic selectors and, in particular, the application of 
such selection devices to the location of data in a mag- 
netic matrix store. His conclusion, based upon work 
completed in 1957, was that magnetic selection of up 
to a thousand outputs was feasible. It is interesting to 
notice that the very earliest suggestions for more matrix 
storage involved magnetic selection, and that this elegant 
scheme was abandoned in favour of steam-roller hard 
valve electronic techniques in almost all of the machines 
which were actually constructed. 


Maze threading 

One computing-machine application which has aroused 
public interest from time to time is the construction of 
small devices which can find the shortest way through 
a maze, and Edward Moore gave a discussion both of 
this matter and of the way in which maze-threading 
automata could be produced which not only find their 
way but also find the best way in a maze where the 
cost of taking various paths may vary. It is quite clear 
that the latter application is of great importance in 
telephone routing, particularly when overall systems 
come to be considered. If we imagine a millenium in 
which the whole world is connected by means of an 
automatic telephone dialling system, then it is clear that 
some built-in means must be provided which will pre- 
vent a man sitting in London from being routed to a 
correspondent in Birmingham via New York or 
Moscow, which, in absence of other constraints, could 
be quite possible on a normal, maze-tracing type of 
telephone exchange. 


Chemical mechanisms 


The chemical content of these volumes has already 
been mentioned, and in the paper by B. K. Green and 
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his collaborators work carried out in the laboratories of 
the National Cash Register Company on chemical 
switches is reported. From time to time various chemi- 
cal mechanisms for producing computer units have been 
suggested and some of them have received practical 
trial. In the past, however, none seems to have been 
turned into a fruitful and commercially profitable device. 
It will be interesting to see whether the various inter- 
esting ideas which the National Cash Register Com- 
pany’s laboratories have produced over the past few 
years will ever find their way into devices which are 
used in everyday life, but nevertheless the investigation 
of such mechanisms may one day give a pointer to 
the workings of that finest, simplest and most efficient 
computer of all—the human brain—and it is in this 
spirit that one should read papers of the type presented 
by the above authors. 


A thousand times faster 

The Symposium concluded its formal business with 
a paper by W. D. Lewis on what he called micro-wave 
logic, and it is a salutary comment on human progress 
to remember that von Neumann as early as 1946 sug- 
gested the design and construction of a computer based 
on micro-waves. In those days it was difficult to produce 
a flip-flop which would operate at one megacycle, and 
it is interesting to speculate whether, had von 
Neumann’s ideas in this field been subjected to as much 
development as the more conventional computer ele- 
ments, we should not now have computers whose 
speed, instead of being about one million operations per 
second, might have been one thousand times faster. 
This, is indeed a pure speculation, but it still appears 
that the considerations which led von Neumann to chan- 
nel his own, and thereby by contact the activities of 
most other serious computer designers, in the way that 
he did, were mostly due to the non-availability of a 
store whose speed would match the computing elements 
themselves. It is only at the present time that stores 
of this speed range are being developed, but it is inter- 
esting for one of the pioneers in this field to look back- 
wards and forwards and to see the wheel turn full 
circle. 

Unfortunately, in common with many American 
books, the Symposium volumes from Harvard are 
rather expensive by western standards, so that it is 
unlikely that many copies will be sold on this side 
of the Atlantic. In England this is doubly unfortunate 
since it appears that there was no representative of 
Great Britain at the Conference. This does not mean 
in any way that British interests are non-existent within 
the field of switching theory: interest in it is shown 
in great measures by the recent conference held at the 
National Physical Laboratory on the mechanization of 
thought processes, and by the two volumes describing 
the business of this conference published by the 
Stationery Office which have just appeared.* 


*This publication was reviewed in The ultimate basis of control, an article 
by R. A. Breoker, published in conrrot for March 1960 (pp. 107-9).—Eprror. 
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So far we have: considered the missile applications of 
electrohydraulic systems and their properties; treated in 
a general way the relays, motors and pilot-stage trans- 
ducers currently in use; discussed the servo-valve, 
non-linearity, pressure compensation, actuators, and 
servo pick-offs; and outlined methods of approach to 
design. Below we pass straight on to practical testing. 


Development 


The open-loop wave-forms of any hydraulic servo 
are likely to be pretty poor because of friction effects. 
Thus the first practical step in servo development, aim- 
ing at checking the frequency response, must be to 
obtain wave-forms fit for measurement. Assuming that 
mechanical non-linearities have already been minimized 
as far as can be foreseen, this step is achieved by closing 
the loop, however crudely, and raising the gain as far 
as possible; even to the point where violent oscillation 
will break out if small transients are accidentally in- 
jected, say by switching (this effect being a manifesta- 
tion of amplitude sensitivity). 

If the closed-loop response is now (say) plotted on 
the curvilinear co-ordinates of the Nicholls diagram, an 
idealized open-loop response can be read from the 
rectangular co-ordinates. The diagram will demonstrate 
what shaping networks will help in further attempts to 
raise the gain. Finally the process of hunting down any 
unexpected lags and eliminating minor sources of back- 
lash and friction can begin. 

Friction is a relatively unpredictable effect and will 
almost certainly account for the bulk of any departure 
from the open-loop response originally predicted for 
the valve and actuator by the methods outlined. It 
seems however that in most cases it can be tamed solely 
by a high-gain closed loop, and and that the resulting 
closed-loop response is almost as predictable as if fric- 
tion did not exist. Its contribution to damping, however, 
is often the most important in the system. With back- 
lash, unfortunately, it is quite a different story, and this 
defect must be rigorously eliminated at source. The cases 
where friction cannot easily be tamed are those in which 
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hydraulic control would disappear if the 


it is associated with components of low stiffness. The 
resulting characteristics have much in common with 
backlash, and this condition too must be eliminated by 
alert design. 


Outstanding development problems 


To conclude, the following brief summary shows the 
field awaiting attention from development engineers and 
research bodies. Naturally, most of the system difficul- 
ties facing missile engineers in electrohydraulic control 
would disappear if their component problems could be 
solved. 

The main ones are these: 

In the servo-valve: 

Manufacturing time and cost 

Achievement of constant gain, and adequate linearity 
at small openings 

Minimization of null-shift with pressure, tempera- 
ture and acceleration 

Obtaining a suitable and invariable frequency response 
at all temperatures 

Eliminating sensitivity to dirty oil 

Obtaining lower neutral leakage 

Obtaining low-friction material combinations in con- 
junction with workability, hardness, corrosion-resistance 
and non-magnetic properties 

Formulation of designs independent of spring rate 

Obtaining lower-hysteresis magnetic materials with 
adequate saturation induction 

Avoiding deterioration of magnetic properties with 
temperature rise 

Obtaining valve steels with hardness > 800 V.D.P.N., 
combined with durability and tempering temperatures 
> 200°C 
In the actuator: 

Extending seal life 

Lowering the friction level, which is always far too 
high 

Obtaining sufficiently high stiffness* 

Obtaining comparable structural stiffness at the out- 
put end* 


*Usually a routine problem, 
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In the pick-offs: 

Minimizing non-linearities at the origin 

Minimizing high harmonics and other noise 

Alternatively, development of d.c. pick-offs with ade- 
quate frequency response, low ripple or no wiper bounce 
In the demodulators: 

Obtaining adequate smoothing without excessive lags 
(This depends on obtaining a.c. supplies of sufficiently 
high frequency) 

In the amplifiers: 

Obtaining sufficiently high current from sufficiently 
small vacuum-tubes 

Obtaining rugged tubes free from microphony 

Alternatively, obtaining transistors with an adequate 
temperature range and availability 

Obtaining a high-enough output impedance to match 
existing torque motors 
In the oil: 

Obtaining sufficient lubricity 

Obtaining wide temperature range 

(Current fluids are either thick at — 50°C or dan- 
gerously inflammable at 120°C—or both, e.g. D.T.D. 
585—or not available in quantity (silicone fluids) or 
difficult to use—e.g. Skydrol) 

Elimination of foreign matter of particle size down 
to $y and all magnetic dust 

Elimination of air and water 

Residual gums left after evaporation 

Obtaining O-rings with a temperature range > 150°C 
overall, and with adequate strength 
Servo development itself needs: 

Techniques for overcoming saturation, particularly 
that due to noise 

Simple techniques for varying gain and damping as 
a function of error 

A plotting technique which will give even greater 


K. C. Garner, our Consulting Editor for the 
series ended above, says that this is only 


facility in handling the cascading of functions than 
the Nicholls or inverse Nyquist diagrams, and greater 
facility with amplitude sensitivity. 
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Mid-course 


With the final instalment by Pat Boyer in this issue, 
the originally planned series on Controlling guided 
missiles comes to its conclusion. Because of labour 
disputes during the summer of 1959, and the time needed 
to obtain security clearance, it has taken three months 
longer than expected to complete the series. However, 
the authors and editorial staff of CONTROL cannot be 
too highly praised for their efforts to be there in time. 
The Security man likewise deserves our appreciation, 
on one hand for preserving our national interests, and 
on the.other hand for allowing the series to be worth- 
while and informative on this subject in a way new 
to the technical press of this country. 

Filed together in one cover, these articles would form 
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the most comprehensive document on missile theory 
and practice so far published in the open press, as the 
following summary shows. 

In the first article, Visual command guidance,' 
Dennis Allen provided a gentle but firm send-off to the 
series by discussing what is at first sight the simplest 
of all guided-missile systems to understand. He perhaps 
wisely refrained from theory on this topic, since his 
loop contained that most elusive of all transfer func- 
tions, the human operator’s. F. R. J. Spearman, how- 
ever, in Aerodynamics: what a control engineer needs 
to know,” gave a clear exposition of the present theore- 


1 CONTROL, Mar. 1959, p. 54.—EpDrroR 
2 CONTROL, Apr. 1959, p. 96.—EDITOR 



























































































































































































































































tical technique, pioneered in the early days by G. A. 
Whitfield and C. A. A. Wass and others, then at R.A.E. 
The concept of the ‘ aerodynamic transfer function’ has 
had far-reaching effects in the whole field of aeronautics, 
and, among other things, has led to the wide applica- 
tion of analogue computers to dynamic flight prob- 
lems. Spearman’s contribution in this field is well known 
(1, 2). Transducers for g.w. research,’ by Michael Perry, 
gave a pause from theory by describing some interest- 
ing instrumentation. Flight trials and laboratory tests 
are, of course, the keystone of successful development, 
and his article demonstrated the ingenuity and care 
put into measuring equipment. We are pleased to say 
that, judging by the number of comments we have 
heard, this contribution did not go unnoticed by our 
fellow engineers in the industrial and process fields. 
John Sendles, for his part, presented the fundamental 
theory for Semi-active homing.‘ This article was signifi- 
cant in considering dish-missile coupling and radome 
aberration for the first time in the unclassified press. 
These problems are closely related to those nasty spuri- 
ous loops encountered particularly in machine-tool 
control. Mr. and Mrs. Joiner showed that there are 
other ways of demonstrating a happy marriage by pro- 
ducing Radar beam riding,’ which gave a fine account 
of the problems peculiar to this type of guidance. Again, 
the servo-mechanism interest lies mainly in the occur- 
rence of phasing error, where the reference frame of the 
demand information is not coincidental with the servo- 
mechanism reference frame. Likewise, the gathering 
problem is a rather special starting-up condition, and 
can have parallels outside the missile field. Another 
‘gathering’ problem was ably presented by Peggy 
Hodges in her article, System assessment and initial 
design.® This article has much good sense, and clearly 
describes a sound and reasonable approach to a deve- 
lopment project of the magnitude of a new guided- 
weapon system, and is neatly illustrated by considering 
the problem of optimizing a system with radome aber- 
ration. Pat Boyer, already well known for his excel- 
lent Data Sheets in CONTROL, completes the series with 
a rare article describing the theoretical concepts—and 
the practice—of designing missile hydraulic servo- 
actuators. It presents a refreshing view on high-per- 
formance hydraulic techniques, particularly in the 
degree of linearity which is predicted. Read in conjunc- 
tion with some of the papers given at the recent Sym- 
posium on Mechanical Developments in Automatic 
Control, organized by the I.Mech.E.,’ the article is par- 
ticularly timely and apt, and perhaps rather challenging. 


A useful smattering .. . 

However, it is obvious that only a smattering of the 
story has been written yet, particularly since the series 
was intended to be broad and introductory in concept. 
Many fascinating subjects have not even been men- 


3 CONTROL, May 1959, p. 89.—eprTor 

* CONTROL, Jun. 1959, p. 71.—EprTOR 

5 CONTROL, Aug. 1959, p. 75.—EDrTOoR 

* CONTROL, Sep. 1959, p. 91, and Nov. 1959, p. 83.—ep1ToR 
* Reported in CONTROL, Feb. 1960, p. 100.—EpiToR 








tioned in this small number of articles. Certainly there 
has not been enough on hardware, to quote one short- 
coming alone. Other important topics, such as noise, 
simulators, radar systems, rocket-motor controls, ground 
testing equipment, and data-reduction methods, all 
spring to mind. Although the Director General Ballistic 
Missiles, Mr. W. H. Stephens, gave us a most welcome 
send-off,* so far ballistic missiles have not been dis- 
cussed.’ It would also be logical to extend the latter 
subject to satellites and space probes, all being very apt 
in connexion with missiles and the control engineers who 
may benefit from discussion of such things. For this 
reason I have given the title Mid-course to these few 
words which terminate the * launching’ phase. 
Confirming my own experience, the Editor tells me 
that the series has undoubtedly aroused interest both 
in and beyond the g.w. industry, and that facts and 
ideas have changed hands between people in different 
fields. This is the right kind of encouragement to those 
involved in getting this material to press. For the only 
published response from readers, we are most grateful 
to the contributor who correctly wanted to make cer- 
tain that we meant what we said. Nomenclature is truly 
one of the major difficulties in all branches of control 
engineering, so we are pleased if we have, perhaps un- 
wittingly, high-lighted this perennial problem. 


. . » but more is wanted 

It is a sobering thought that, since the series started, 
the civilized world has spent yet a few hundred mil- 
lion pounds more in furthering the art of guiding 
missiles. No doubt this will eventually provide CONTROL 
with more material, since this is a technology which 
cannot be ignored. Its skills must not be allowed to 
remain exclusively in unpublished Ministry technical 
notes, to the detriment of civil industry, just because 
the effort to make de-classifiable material available 
seems too great. With the cancellation of major projects, 
it is more than ever necessary that our guided-missile 
achievements should be published. It may be true that 
no modern industrial nation will be able to stay on 
competitive terms without the by-product techniques 
of missile development. Fortunately, at present, in these 
skills we are on pretty even terms with the Americans 
and the Russians, and some way in advance of the 
rest of Europe. This may well prove to be the true 
worth of our rapidly filling graveyard of scrapped 
missiles. 

Therefore I sincerely hope that, with the good friends 
that we have made in the course of preparing this 
missile series, and with the increasingly co-operative 
attitude of the authorities, we shall see many more 
informative articles on a subject which is of primary 
importance to British technology and prestige. 
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“CONTROL IN ACTION 


Control of Pyestock's high-altitude test cell 


Eighteen large butterfly valves servo-controlled 


A NEW HIGH-ALTITUDE TEST CELL 
which will be commissioned by the 
National Gas Turbine Establishment, 
Pyestock, later this year, has an 
advanced control system by Sir 
W. G. Armstrong Whitworth Aircraft, 
Gloucester. The cell will be used to 
test jet aircraft engines under simu- 
lated altitude conditions, and automa- 
tic control of the air supply to the 
test chamber is, therefore, necessary. 

The air supply to the cell may be 
heated or cooled within the limits 
250° to — 70°C, and is obtained from 
numerous compressors which may be 
arranged in series or parallel accord- 
ing to the desired flow or pressure- 
ratio conditions in the plenum cham- 
ber. As can be seen in the much sim- 
plified diagram, Fig. 1, the supply is 
regulated by eighteen large butterfly 
vales. There are three main groups of 
valves: inlet control valves, of which 
there are one 48-in., one 36-in., two 
20-in. and one 12-in. diameter; by-pass 
valves, consisting of ten 20-in. dia- 
meter valves ringed round the bulk- 
head at the entrance to the test cham- 
ber; and three in-bleed control valves 
one 36-in., one 20-in. and one 12-in. 
diameter. 

The inlet control valves regulate 
the pressure of the air entering the 
chamber, i.e. the pressure at the engine 
intake. The by-pass valves control the 
amount of air by-passing the engine 
intake, in order to simulate accelera- 
tion, for example. The in-bleed valves 
allow a controlled supply of atmos- 
pheric air to enter the vacuum lines 
between the test cell and the ex- 
hausters, in order to keep the load on 
the latter sensibly constant. 

All eighteen valves may be remotely 
controlled, operated automatically, or 
programmed to open and close at a 
pre-determined rate. They are oper- 
ated from the main control console 
which also caters for engine controls, 
the engine fuel system, plant services, 
safety interlocking and provides closed- 
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circuit television and other facilities. 
The control system at Pyestock is 
divided into four sections, one for the 
inlet and one for the in-bleed valves, 
and two for the by-pass valves. Each 
section is centred on a five-channel 
electronic control unit. These units are 
basically indentical, although indivi- 
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dually they are designed to cater for 
the various modes of control and the 
different response rates required by 
the butterfly valves with which they 
are associated. The by-pass and in- 
bleed valves have a maximum operat- 
ing speed of 40°/sec and the inlet 
valves 8° /sec. 
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The control loop 

The basic automatic pressure con- 
trol loop is given in Fig. 2. The de- 
mand voltage V:, representing demand 
pressure, is compared with voltage Vs» 
representing chamber pressure, the dif- 
ference V. being the deviation voltage. 
The actuating signal is thus V- and is 
passed into a phase-advance and inte- 
grating circuit. Thence it is fed to a 
difference amplifier where it is com- 
pared with a feedback signal repre- 
senting butterfly-valve position. This 
feedback keeps ‘over-shoot’ within 
reasonable limits. The butterfly valve, 
therefore, opens or closes in accord- 
ance with the signal from the inte- 
grator. The change of pressure within 
the chamber consequent upon a de- 
mand signal, is detected by a pressure 
transducer whose output, Vr, tends 
to reduce the deviation voltage V. to 
zero. As the circuit includes an inte- 
grator, an anti-surge delay circuit is 
incorporated to enable any change- 
over from manual to automatic con- 
trol to be surge-free. 


Function generation 


As it would be impracticable to 
demand certain transient engine test 
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signals for transient 
conditions con- 
nected with altitude 
and flight speed. The 
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pheric pressure 
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ward speed (velo- 
city), and changes 
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conditions manually (the rapid build- 
up of intake pressure in accelerating 
to 2°5 Mach number for example), 
tests can be programmed using a 
mechanical function generator. Tran- 
sients connected with altitude, flight 
speed and a combination of these, can 
be programmed. 

The function generator (Fig. 3) pro- 
vides a voltage signal to the control 
system. Its principle is that a poten- 
tiometer may be loaded to provide 
an electrical resistance / wiper-displace- 
ment curve equivalent to the atmos- 
pheric pressure/altitude law. The 
wiper is driven along the (altitude) 
potentiometer by a gearbox and servo- 
motor so that, at constant wiper- 
speed, a signal is derived which varies 
with time in the same way that pres- 
sure varies during a climb of constant 
rate. A similar (velocity) assembly 
simulates the variation of engine in- 
take pressure due to ram-rise with 
speed. The velocity-potentiometer sig- 
nal is fed through, and modified by, 
the altitude potentiometer. 

A third section of the generator 
provides a_ signal which may be 
arranged to follow any required law 
by the use of a mechanical cam along 


HYDRAULIC JACK 


Fig. 4 The hydraulic 
jack actuating a 
butterfly valve is 
controlled by the 
servo valve. Poten- 
tiometers feed back 
actuator position 
for control and in- 
dication 


which a follower arm travels. In Fig. 
3 this is an acceleration cam, and is 
controlling the speed of the ram-rise- 
cam-drive motor to simulate the varia- 
tion of acceleration with time. 

The three drive motors are con- 
trolled by separate servo amplifiers 
with tacho-generator feedback—not 
shown in Fig. 3. 


Servo-valve-controlled actuator 

The heart of the system is an elec- 
tro-hydraulic servo valve which con- 
trols the actuator jack of Fig. 4 to 
operate the butterfly valve. The servo 
valve (see Ideas Applied, page 123) 
is a two-stage device comprising a 
pilot valve and a main valve in a single 
assembly. Demand signals are con- 
verted to 180° out-of-phase square- 
wave signals in a mark-space gener- 
ator. These are fed to two coils in the 
pilot valve and vary the oscillation of 
a clamped diaphragm to control the 
flow from two jets. Pressure differ- 
ences across the spool of the main 
valve are created on movement of 
the diaphragm, and these cause the 
spool to move and thus control the 
flow of fluid to the hydraulic actuator, 

The actuator consists of a hydraulic 
jack and a feedback generator which 





Fig. 5 Electro-hydraulic servo valve and 
actuator jack installed on a butterfly 
valve 


provides a signal representing jack 
position (i.e. the position of the but- 
terfly valve) to the control unit. Two 
potentiometers, covering the complete 
stroke of the jack, are used, one pro- 
vides the feedback signal, and the 
other gives an independent signal to 
a meter calibrated in terms of butter- 
fly-valve position on the control con- 
sole. 

The actuator incorporates a buffer 
valve which limits the velocity of the 
jack over the last part of its stroke 
as it retracts to close the butterfly 
valve. This is fitted to prevent damage 
to the butterfly valve as it closes on 
its seat. The buffer piston is spring- 
loaded against a stop on the piston. 
As the piston retracts, the buffer closes 
the end of the jack body so restricting 
the flow of oil from the jack. 
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PHOSPHORUS IS MANUFACTURED AT 
the Portishead factory of Albright and 
Wilson by the electro-thermal process. 
In this method, a mixture of phos- 
phate rock, silica chippings, and an- 
thracite or coke, is heated in a furnace 
to about 1500°C by electrodes each 
supplying 5500 to 7000 A. These are 
built from carbon sections 7 ft long, 
weighing about | ton each, and when 
new, consist of three such sections. As 
a section is burned away, a new sec- 
tion is screwed to the top of the elec- 
trode. To maintain constant power at 
each electrode as it burns away, or 
furnace conditions change, an auto- 
matic regulating system is used. 


Electrode control 

Each electrode is suspended from a 
three-phase, |-h.p. winch, which raises 
or lowers the electrode according to 
which contactor is operated, the 
‘raise’ contactor supplying power in 
opposite phase-sequence to the ‘lower’ 
contactor (see Fig. 1). A control sig- 
nal is derived from a current trans- 
former mounted on the tubular copper 
bus-bar supplying the electrode, and is 
applied to a gravity-controlled relay. 
This is set to balance at a given cur- 
rent by adjustment of the shunt resis- 
tors in the control room. If the current 
rises, the solenoid field increases and 
the beam is pulled down, so operating 
the ‘ raise ’ contactor. As the electrode 
is raised, the current falls, and the 
beam returns to balance point. The 
process is reversed should the current 
fall. The time-delay mercury-switches 
are to ensure that the winch coniac- 
tors are operated only if the change 
in the control signal is of finite dura- 
tion, thus eliminating hunting. The 
slack-rope switch guards against the 
winch operating in the lowering direc- 
tion in the event of a broken rope or 
the electrode jamming. 

The control line carries instruments 
to indicate current, to measure con- 
sumption in kWh, to record load in 
kW, and to indicate load in kW. The 
latter instrument is placed so as to 
be in constant view by the furnace 
operatives. 


Effluent control 

Because the effluent is acidic and 
contains elemental phosphorus, it is 
essential that it should be neutralized 
by the addition of lime. This produces 
a precipitate of calcium phosphate 
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Electrode and effluent control at Portishead 












which, at a certain pH value, flocks 
and settles rapidly, and so gives a 
clear alkaline outflow free from ele- 
mental phosphorus. The required pH 
is 9-10-5 but unfortunately at pH 
values above 9-5, phosphine is gen- 
erated which gives rise to obnoxious 
smells. 

The system shown in Fig. 2 was 
developed and installed by Albright 
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effluent passes to the thickener for 
settling and final outflow. 

Lime is prepared in the slaker and 
passes to the milk-of-lime tank, where 
water is added to give a 14% milk-of- 
lime solution. From this point it is 
delivered to the reaction vessels via a 
fixed displacement pump at a rate 
indicated by the controller. 

The pH-sensing electrode is situated 
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Fig. 1 The electrodes are automatically lowered into the furnace as they burn 
away, or may be raised to maintain a constant current despite changes in furnace 


conditions 


engineers using Kent pH instruments 
fitted with proportional, derivative 
and integral control. These, in con- 
junction with Ward-Leonard control 
of the milk-of-lime pump, ensure that 
the value is maintained within + 0-5 
pH of control setting. 

Effluent flows from the process to 
the plant at a fluctuating rate of 
some 20,000 gal/h and, after being 
metered, passes to the first reaction 
tank, is stirred, and underflows to the 
second reaction tank. At this point, 
the lime is added according to control 
requirements. Again the effluent is 
stirred before passing over a weir to 
the third reaction tank, in which the 
pH measuring head is situated. Final 
stirring takes place here before the 






in the third reaction tank. Experi- 
ments have shown this to be the best 
compromise since, although the use of 
this position incurs a slight time lag, 
it does not significantly affect control 
and hunting is subdued. Also, longer 
life can be expected from the glass 
pH electrodes, since the content of 
fluorine in the effluent has been re- 
duced at this stage, and the electrode 
is subjected to less attack. The e.m.f. 
generated at the electrodes passes to 
the three-term recorder-controller, 
where it is recorded in terms of pH 
value, and the output controls a pneu- 
matic servo working at 80-100 Ib/in?. 
The primary air is reduced to 17 lb/ 
in? before passing to the controller 
and thence back to the valve chest of 
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the power cylinder. A compressor pro- 
vides the high-pressure air for opera- 
tion of the power cylinder, the piston of 
which is attached to the motor-control 
rheostat via a chain. The speed of the 
d.c. motor driving the milk-of-lime 
pump is thus controlled and the re- 
quired rate of neutralization main- 
tained. 


CONTROL IN ACTION 


THE CONTROL SCHEME FOR’ THE 
auxiliary steam supplies in British 
Petroleum’s new 50,000-ton tanker 
British Queen includes automatic con- 
trollers and pneumatic control valves 
by Fisher Governor. 

The ‘auxiliary exhaust range’, an 
exhaust steam line which is used for 
feed-water heating in the de-aerator, 
is required to be maintained at 15 Ib 
in? and is supplied with turbo feed- 
pump exhaust steam supplemented by 
bled steam from the turbine. Live 
steam from the boiler is used to make 
up the pressure under transient or 
surging conditions; any excess steam 







Fig. 2 The pH value of effluent is automatically maintained within 
+ 0:5 pH of the control setting 
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Control of B.P. tanker's auxiliary steam supplies 


valves, ‘ split-range’ valve positioners 
enabling each valve to operate in 
sequence on a part of the output range 
of the controller. Thus, under normal 
operating conditions the 4-in. valve A, 
which passes bled steam from the tur- 
bine into the range, will be open, 
throttling the bled steam from 34 1b, 
in? to the range pressure of 15 Ib/in?. 
If there is insufficient bled steam avail- 
able, the range pressure will fall and 
the controller will operate the 14-in. 
live-steam reducing valve B, to reduce 
520 lb/in? steam from the boiler to 
maintain the demand. 

When the bled steam pressure is 
below the range pressure (as might 
occur when manoeuvring for example) 


Exhaust steam line 
(15 Ib/in?) 



























pressure 
controlier 


is dumped directly to the main con- 
denser. ‘Bled’, ‘live’ and ‘dump’ 
steam are controlled by diaphragm 
valves, fitted with valve positioners, 
all operating from a two-term pres- 
sure controller. This exhaust steam 
back-pressure control arrangement is 
shown diagrammatically in Fig. 1. 
The pneumatic signal of 3-15 lb/in? 
from the two-term steam-pressure 
controller is split between the three 
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Fig. 1 (above) Con- 

trol system for 

auxiliary steam 
supply 


Fig. 2 (right) Tur- 
bine gland steam 
control system 
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a supplementary snap-acting pressure 
controller operates a small three way 
valve in the air signal line to valve A. 
When this occurs the diaphragm of 
valve A is exhausted to atmosphere, 
and the spring-loaded valve closes to 
prevent steam entering the turbine. 

The third valve, C, opens to dump 
excess steam to the main condenser if 
the range pressure is too high. This 
valve is fitted with a special gland seal 
so that it will withstand the range 
pressure, and yet be ‘ tight’ when sub- 
jected to the full vacuum of the con- 
denser. 

The control for the gland steam 
system maintains sufficient steam pres- 
sure at the turbine-gland inlet regard- 
less of turbine load. A pressure con- 
troller (Fig. 2) operates a special three- 
way valve to allow steam from an 
auxiliary supply to be fed to the tur- 
bine glands at low load conditions. In 
the event of an increase in gland pres- 
sure this valve allows excess steam to 
be dumped to the main condenser, at 
the same time shutting-off further 
supply. If the air supply fails the 
valve will lock in position. 
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THE DESIGN OF RADIATION PYROMETERS 
for industrial control applications is 
governed by the essential requirements 
of such an instrument to include, (a) a 
radiation-sensitive receiver producing a 
signal of suitable magnitude; (5) a limit- 
ing diaphragm in front of the receiver 
to ensure that radiation intensity is the 
control variable; (c) a device to limit the 
angle of acceptance of the instrument; 
(d) a sealed case to prevent the deteriora- 
tion of the instrument under industrial 
conditions. 

Given these basic factors, a consider- 
able variation in design is possible and 
this is illustrated by the range of pyro- 
meters available in the U.K. Most of 
these instruments are of the total radia- 
tion type in which the receiver is a ther- 
mocouple, or an array of thermocouples, 
sensitive to radiation of all wave-lengths 
and giving an output signal approxi- 
mately proportional to the fourth power 
of temperature. 

The Cambridge Féry pyrometer (Fig. 1) 
is an example of the type of instrument 
in which a mirror is used to define the 
angle of acceptance by focusing an image 
of the radiation source on the thermo- 
couple receiver. Two small inclined mir- 
rors placed in front of the thermocouple 
assist the observer in correct focusing. 
The position of the mirror is adjustable 
by rack and pinion to bring the source 
into focus and this allows the instru- 
ment to accommodate radiation sources 
at a range of distances. 

Where the duty and position of the 
pyrometer are likely to be changed at 
short intervals the Féry pyrometer is at 
a disadvantage in that a separate calibra- 
tion in terms of temperature is required 
for each mirror position. It is better to 
define the acceptance angle by a fixed 
mirror focusing an image of a dia- 
phragm, placed at the front of the pyro- 
meter, on to the receiver. This fixed 
focus system is used in the Foster Mirror 
Tube pyrometer so that for this instru- 
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ment the calibration is independent of 
the distance of the source. 

Where small sources are to be viewed 
at distances requiring small acceptance 
angles, the fixed-focus mirror pyrometer 
has to be long, which is not convenient 
in positions where protection from heat 
has to be provided on site. This diffi- 
culty can be overcome by using a double 
mirror system as in Rayotube pyro- 
meters. In these, the radiation is focused 
by one adjustable mirror on to another 







Fig. 1 The Cam- 
bridge Féry pyro- 
meter: the mirror 
is adjusted by a 
rack and pinion 


mirror and then on to the thermopile 
receiver, the limiting diaphragm being 
placed between the two mirrors. Rayo- 
tube instruments are not designed for 
focus adjustment by the user, but the 
position of the first mirror is set by the 
manufacturer for a given target source 
distance and may be used over a speci- 
fied range of distance and target size. 
The calibration, as in a Féry pyrometer, 
depends on the mirror position. The 
Rayotube 8891-C which is designed for 
particularly small targets, such as those 
available in an induction heating process, 
must be prefocused at the correct dis- 
tance at which it will be used. 

Since in most industrial applications 
the pyrometer is fixed in position for 
long periods the optical system must be 
protected from dust and water vapour 
etc. by a sealed case. The material of 
the window through which radiation 
passes into the instrument must be such 
that it does not absorb strongly those 
wave-lengths which pass the major quan- 
tity of radiation in the temperature range 
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Inclined 
mirrors 





concerned. This being so, it is sometimes 
more convenient to use a lens of suitable 
material to close the pyrometer and also 
define the acceptance angle so that the 
mirror, which is liable to tarnish, is not 
required. 

The Foster Lens Tube is an example 
of a simple lens pyrometer which is not 
intended for focus adjustment by the 
user. The position of the thermocouple 
receiver relative to the lens is adjusted 
by the manufacturer to focus at a speci- 
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fied target distance. The calibration is 
changed by each alteration of focus. 

The device of focusing a front dia- 
phragm instead of the source on to the 
receiver, 2s employed in fixed focus, mir- 
ror pyrometers, cannot be used for lens 
pyrometers which are normally of the 
non-focusing type like the series mar- 
keted by Elliott, Ether, Honeywell, and 
Land. These non-focusing lens pyro- 
meters have a calibration curve which is 
not entirely independent of the target 
distance because of the effects of chro- 
matic and spherical aberration, and vig- 
netting of lenses. The calibration error 
can be reduced to negligible proportions 
over a range of distance by careful design 
of the receiver housing, and this device 
has been employed by Honeywell and 
Land. Normally, the calibration for such 
a pyrometer design is correct for a given 
target distance and size, and the recom- 
mended target size and distance range 
represents an extension on either side 
of this optimum for which the error 
introduced into the calibration is small. 
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The simplest sensing element is a ther- 
mocouple with a receiver disk, which 
forms a robust unit if the wires are thick. 
To achieve shorter response times the 
wire and disk thicknesses are reduced, 
so reducing the thermal capacity of the 
sensing element, and where necessary 
longer response times can be obtained by 
the reverse process. Increased output sig- 
nals are obtained from thermopiles con- 


sisting of various thermocouple arrays 
like the lattice of thin tapes used in the 
Moll design, the circular spacing of ten 
flattened junctions used in the Brown 
pattern, and the Leeds and Northrup 
design in which the eight junctions are 
located on a receiving disk. To prevent 
drift of the output signals owing to a 
change in the ambient temperature 
within the pyrometer casing, various de- 
vices are employed. Insulation of the 
thermocouple from ambient temperature 
changes can be achieved by a vacuum 
enclosure, as in the Elliott pyrometers, 
or by using a massive thermopile block 
of high thermal capacity, as in Land 
pyrometers. However, for long-term 
compensation for ambient-temperature 
changes, a shunt is used, and in extremes 
of pyrometer duty the instrument is en- 
closed in a water jacket. The compensat- 
ing shunt can be electrical, of nickel 
wire, joined across the thermopile con- 
nexions but thermally insulated from the 
hot junction as in Honeywell Radiamatic 
pyrometers (Fig. 2); or thermal, connect- 
ing the hot and cold thermopile junctions 
but electrically insulated from the cold 
junction, as in Integra, Leeds and 
Northrup Rayotubes. 

The sensitivity of a  total-radiation 
sensing-device to temperature change is 
constant at all temperatures, but a partial 
radiation receiver (such as a photocell), 
sensitive to radiation within a finite wave- 
band, has a sensitivity inversely propor- 
tional to temperature and wave-length. 
At 2000°K and at a wave-length of 0°65 u 
in the visible red, a monochromatic re- 
ceiver has a sensitivity 2-9 times that of 
a thermopile. This property and the high 
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response-speed of photocells are used 
in the Land RP series of selenium barrier 
layer photocell pyrometers designed for 
the control of rapidly moving heated 
objects. In some _ applications high 
response-speed and high temperature- 
sensitivity are not advantageous; for ex- 
ample, when a pyrometer is used to con- 
trol the fuel input to an open hearth fur- 
nace by reference to a maximum allow- 


Fig. 2 Honeywell 
Radiamatic pyro- 
meter 


able roof temperature, a highly sensitive 
instrument would be much more affected 
by secondary effects such as flame flicker. 

Barrier-layer photocells are more sen- 
sitive to ambient temperature changes 
than thermopiles, and pyrometers using 
them must therefore be enclosed in water 
jackets. Vacuum photocells, which have 
even greater response speeds, are even 
more sensitive to ambient temperature 
changes, so that in order to use them for 
accurate temperature measurement a null 
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is that the response time is no longer} 
that of the cell, but that of the lamp 


and balancing circuits (Fig. 3). 


All output-signal figures given in the 
table are for ‘black body’ radiations,7 


Correction may be made for the effect 


of emissivity, in particular cases, by™ 


adjustments of the electronic controls to 


which the pyrometer signals are passed, | 


Where steam and carbon dioxide are 


present in the path of the radiation from 7 
the target to the pyrometer, errors are 3 
introduced owing to absorption. These ~ 
errors, where serious, can be obviated © 


by using a pyrometer, such as the one 
marketed by Elliott Bros., which incor. 
porates a filter having the same absorp- 
tion properties as these gases. 

The measurement of the surface tem- 
perature of glass presents a special prob- 
lem because of its transmissive proper- 
ties, but this difficulty has been overcome 
in the Land RG pyrometer by incorpor- 
ating a filter which cuts off radiation 
with a wave-length below 3-54. Since 
glass is almost opaque to wave-lengths 
above 3-5m the radiation received by 
the thermopile in this pyrometer is a 
measure of the surface temperature of a 
glass target source. 

A range of accessories is readily 
available for protecting the pyrometer, 
or facilitating temperature measurement 
under special conditions at the site: 
water jackets to prevent overheating; air 
purges to prevent dirt or condensation 
on lenses, and to clear smoke and fume 
from the sighting path; open-ended sight- 
ing tubes to exclude unwanted radiation 
from fume or flames; closed-end sight- 
ing tubes to measure general furnace 
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Phase- 
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Fig. 3 The B.T.H. pyrometer, which uses a null method to avoid ambient- 
temperature effects 


method has to be used. For example, in 
the B.T.H. pyrometer, the lead sulphide 
cell is irradiated alternately by source 
radiation and that from a tungsten-fila- 
ment lamp. The alternating signal pro- 
duced is used to regulate the lamp current 
until the radiation received by the cell is 
the same from each source: the lamp 
current is then a measure of the source 
temperature. The pyrometer must be 
calibrated for each target distance and 
the main disadvantage of such a method 


temperatures instead of temperatures at 
particular points; automatic shutters to 
close the end of a pyrometer casing when 
the pyrometer body is removed for 
checking. 

The range of pyrometers described has 
been confined to those suitable for con- 
tinuous operation and excludes special 
designs for spot measurements which 


cannot be used for direct process control. 
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| THE PERENNIAL INTEREST OF BOTH THE DESIGNER AND 
© Equipment Reliability held by the Institution of Elec- 
‘trical Engineers on May 18. The Symposium covered 


Although users are still far from satisfied, 
electronics received a reasonably clean bill 
of health at last month's |.E.E. Symposium 


Electronic equipment reliability 


the equipment user in the reliability of electronic equip- 
ment was brought home at a Symposium on Electronic 


field experience and methods of assessing and predict- 


‘ing reliability, and was divided into three sessions: 


| users’ requirements and problems; problems of system 


a! 


‘design and manufacture; problems in the design and 
» manufacture of component parts. Some of the contribu- 


© tions are briefly reported below. 


Users’ problems 


The first contribution was The appraisal of opera- 


Stional reliability in electronic systems by R. Brewer 
)(G.E.C. Research) J. A. Lawrence and F. J. M. Laver 
‘(Post Office Engineering). The authors called for a 


common terminology to describe operational reliability 


‘and themselves produced some basic terms. They also 
"analysed operational performance. 


In Collection of fault data on transmission equipment, 


c. E. Clinch (Post Office Engineering) discussed the 


economic collection and analysis of fault data—the Post 


Office have been using valve amplifiers in trunk tele- 
"phone circuits since 1916—and, in Reliability of trans- 


mission equipment, the same author pointed out that 


valves are not the prime cause of breakdowns. Capa- 
“titors, particularly electrolytics, have a bad record, and 


plugs and sockets, valve-holders, switches, potentio- 

Meters and soldered connexions are also a problem. 
The telephone service—an ‘on-demand’ service— 

was discussed by T. H. Flowers (Post Office Research) 


‘in Users’ requirements and problems—electronic tele- 


phone exchanges. An electronic exchange has about 
fifty components per line and the overall faults-rate is 
believed to be about one per 2000 component-years— 


one per forty lines per year—and comparable with the 
Mest electromechanical systems. Telephone exchanges 


are expected to have an economic life of forty years. 

| The a.d.p. system user is shocked to find that his 
‘equipment breaks down all too frequently, according 
#0 J. W. Freebody (H.M. Treasury) and F. J. Laver 


CONTROL june 1960 


(Post Office Engineering) in Reliability and the user of 
automatic data-processing systems. The electronics are 
nevertheless more reliable than the peripheral electro- 
mechanical equipment, although that is little comfort 
to the user. Increasing the reliability of a large com- 
puter from 90 to 95% would be worth £5000 per year. 

In The Services’ problem of stating a reliability 
requirement for a weapon system, F. G. Tarrant (Min- 
istry of Aviation) pointed out that there is an upper 
and lower limit to the reliability which it is economic 
to specify. The maintenance effort for 90% serviceability 
might be five times that for 60% service. 

J. Symonds (B.E.A.) in Reliability requirements of 
electronic equipment in civil aviation was unhappy 
about the costs to operators brought about by aircraft 
unserviceability—possibly an average of £3000 a day 
to a large operator. Electronic equipment should oper- 
ate satisfactorily for at least 3000 flying-hours, and 
misses this target by a wide margin. 

The inadequacy of present-day component specifica- 
tions and ratings for large-scale computers was the 
plaint of E. J. Williams (1.C.T.). 


System design and manufacture 


The problems of system design and manufacture were 
discussed in Session 2. Preventive maintenance in digital 
electronic equipment by R. Beaufoy (British Telecom- 
munications Research), discussed catastrophic and 
gradual failure and recommended ‘ marginal testing ’. 

In their paper Designing reliable electronic switching 
equipment, J. E. Flood and B. D. Simmons (the Research 
Laboratory of A.E.I. (Woolwich)) discussed the prob- 
lem of designing a single common control which, if 
faulted, will not put an electronic exchange out of 
action. Redundant elements should be incorporated. 

The system designer requires the circuit designer to 
provide details of the basic circuit fault liability, and 
the customer to define the service wanted, in order to 
balance reliability against cost. This was the theme of 
Factors influencing system reliability by R. Greer 
(British Telecommunications Research). 

E. H. Ingamells (English Electric Aviation) in The 
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need for component survival curves during guided 
weapon design, pointed out that, as many failures 
occurred after launching, packages of electronic compo- 
nents must be insufficiently rugged. He wanted design 
data on components. 

Problems of system design and manufacture—digital 
computers by J. M. M. Pinkerton (Leo Computers), dis- 
cussed the computer manufacturer’s problems. If a sys- 
tem has 100,000 parts, a mean error-free time of 100 
hours means that each part should fail no more than 
once in 10° hours—i.e. over 1000 years. He was critical 
of mechanical design. 

J. Price (1.C.T.) in Prevention of unreliability due to 
accidental damage gave an example of diode failure 
that was traced to heavy-handed maintenance. He views 
probes and crocodile clips with suspicion. 

The repair of a submarine cable in mid-Atlantic may 
cost up to £500,000, and the fault liability of repeaters 
was discussed in The design of reliable systems for 
submarine cables by F. Scowen (Post Office Research). 
A submarine cable should have a working life of at 
least twenty years, so components are under-run, extra 
components provide alternative paths, and well-tried 
components manufactured in * clean’ areas are used. 


Component design and manufacture 


The turn of the component people came in Session 3. 
R. Brewer (G.E.C. Research) gave Some of the facts of 
life about semiconductors. He pointed out that it is the 
manufacturer’s responsibility to give users a reasonable 
outline of life expectancy—not the reverse as has been 
suggested in some (American) quarters. Brewer also 
discussed The value to users of life-test evidence on 
some CV4000 series valves. This series no longer suffers 
from high infant-mortality, and Brewer expects a life 
potentiality well beyond the 1000-hour specification, the 
time to 50% survivors being over 10,000 hours. 

R. H. W. Burkett (Welwyn Electric) discussed Some 
causes of unreliability in film resistors. The three factors 
giving rise to instability and unreliability are high tem- 
perature or load, moisture and mechanical stress. In 
connexion with the latter, he feels that there is con- 
siderable scope for improving the reliability of equip- 
ment by proper handling of components. 

The production aspects of the reliability of printed 
circuits by D. J. J. Davies (Marconi’s Wireless Tele- 
graph) considered both the production of etched copper- 
clad board, and the assembly of additional components. 
Cleanliness is essential and the completed board must 
be handled with care. Adequate soldering is vital. 

An old problem was the subject of Reliable contacts 
by A. Fairweather (Post Office Research). Noble metals 
are almost entirely corrosion-resistant, but Fairweather 
criticized present methods of electroplating. 

Components for incorporation in guided weapons 
must show a higher order of reliability, according to 
Procurement of electronic components for guided 
weapons by N. Griffin (R.R.E., Malvern). His Establish- 
ment have ‘selected’ components from 


among 








type-approved components, assessed these selected 
components, and so produced a shortened range. 
Reliable relays by N. E. Hyde (R.R.E., Malvern) 
described a production ‘ micro-relay’ comprising a 
single change-over contact. This weighs 2°5g and has 
switched dry circuit loads for 10° operations. Hyde said 
this was increasing the confidence of designers of auto- 
pilot and automatic throttle circuits for modern air- 
craft. The contacts will switch 1 A at 30V d.c. and 
give a life of at least 10° operations. He also discussed 
a commercial g.w. relay of the * postage stamp” con- 
figuration now becoming common in America. 


The Quality assured by C.V. semiconductor device 
specifications by A. Lindell (G.E.C. Research) con- 
sidered the specifications for the C.V. 7000 series. He 
concluded that the quality assurance was poor for a 
single lot, but improves as test results accumulate after 
weeks or months of production. 

P. H. Mead (G.E.C. Applied Electronics Laboratories) 
in The choice of fixed resistors for high-reliability appli- 
cations, pointed out that although the reliability of most 
resistors is higher than that of many other components, 
they are used in such great quantities that they play a 
large part in determining the overall reliability of an 
equipment. He discussed the selection of reliable resis- 
tors of well-tried types and said high-stability and pre- 
cision resistors were in a period of transition. 


Some problems in assessing resistor failure rates by 
C. H. Miller (R.R.E., Malvern) described an attempt 
to obtain factual data on resistor failure. Of 556 carbon 
resistors examined, 107 had failed through prior failure 
of another component; of the remainder, the life for 
241 was not known, and that for 105 exceeded 2000 
hours. That left 103—about 20%—which had failed in 
less than 2000 hours. On the best assumption, 50% must 
have failed from an intrinsic weakness. Other sources 
suggest a figure of 30%. A major contribution to the 
high failure-rate was thought to be bad equipment- 
design—flimsy tagboards etc. 

Reliability of components in Post Office equipment 
by A. A. New (Post Office Research) described different 
levels of reliability. Ministry of Health hearing aids 
need a three-year life with few failures; computers in 
Government departments, a ten-year life with at least 
90% overall serviceability; general telecommunication 
equipment, a twenty-year life with minimum interrup- 
tions of service; shallow-water submerged repeaters, a 
ten-year life with not more than a few days out of 
service a year; and deep-water repeaters, a twenty-year 
life and—preferably—no failures. 

The last paper delivered to the Symposium was 
The reliability attitude of mind in production by 
H. J. H. Wassell (Marconi’s Wireless Telegraph). To the 
normal production questions he would add, is there 
anything that may cause unreliability? Wassell claimed 
that reliability is everybody’s business. 


A full report of the proceedings will be published by the 
Institution of Electrical Engineers. 
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Control engineers are repeatedly being 
urged to learn Russian. This Data 


Sheet will be a valuable reference 








Russian 


THIS DATA SHEET IS INTENDED FOR 
those who have some _ elementary 
knowledge of Russian, as a supple- 
ment to the information which they 
may find in technical dictionaries. In 
the first part some characteristic fea- 
tures of the Russian terminology are 
discussed and in the second part a 
short glossary of terms is given. 
Expressions explained in the first part 
are not included in the second. 

The English phonetic equivalents used 
are intended to give an easy guide to 
Russian pronunciation. They do not 
completely conform to B.S. 2979:1958, 
Transliteration of Cyrillic and Greek 
Characters. 


Which Terminology? 


As it happens, both the British (/) and 
the Russian (2) approved glossaries of 
automatic control terminology are now 
being revised. The Russian one, in par- 
ticular, was designed for the benefit of 


theorists and is of very limited use in - 


practical control applications. It is there- 
fore not surprising that there is a consider- 
able diversity of terms in current use, 
and an attempt is made to include in 
this paper as may variants as possible. 
As for the English terminology, B.S. 
1523: 1949 is followed wherever prac- 
ticable. 

Those familiar with German control- 
terminology will notice certain similari- 
ties in Russian, and it is interesting to 
note here that whilst several of these 
terms of the German origin are still 
current in Russian, their prototypes 
have become obsolete in Germany. 


The Control Loop 
The way in which the control loop is 

subdivided according to Russian prac- 

tice (3) is shown below. 

Bd, Bocnpunumawumit o1emMeHT 

(VE, Vosprinimayushchi element), 

Detecting unit. 

309, Sanam a1emenT 

(ZE, Zadayushchi element), 

Desired value unit. 

119, Ilpeo6pasyioumit anement 

(PE, Preobrazuyushchi element), 

Transforming (controlling) unit. 





CONTROL june 1960 








DATA SHEET—19 


control terminology 


Z. A. SIEMASZKO, DIPL.ING. 






13, UcnounmTrenbrpit = 921leMeHT 
(IE, Ispolnitelny element), 

Actuator. 

PO, Perysmpyroumit opran 

(RO, Reguliruyushchi organ), 
Regulating unit. 

PII, Peryaupyemuiii mpouece 
(RP, Reguliruyemy protsess), 
Plant. 


It can be seen that, as compared with 
the British practice (/), the differences 
are not very significant. The detecting 
element and the measuring element are 


a... 


combined to form the detecting unit, the 
desired value is a unit of its own, and 
it is associated with the detecting unit, 
and not with the controlling unit. This 
incidentally, is called a transforming 
unit. 

The word jjarunk (datchik), literally, 
transmitter, can mean either the detect- 
ing element itself, or a unit sending out 
a signal corresponding to the measured 
value. It may in these two cases appear 
with the adjectives neppu4uHnii (per- 
vichny), primary, or BTOpH4HEt (vto- 
richny), secondary. 


Kontrol #4 Control 


If a Russian word sounds like an 
English one, it is wrong to assume 
automatically that both have the same 
meaning. Here are a few most common 
instances. 


Pery.impopanue (Regulirovanie) 
means control and pery.iatTop (regu- 
lator) means controller. 


Koxutpob (Kontrol) means either 
monitoring and measuring, or testing 
and inspection, but KOHTpo.JIb Ka- 
yectBa (Kontrol kachestva) means 
quality control. 






Curnacim3auun (Signalizatsia) means 
an alarm and/or warning system. 
Komnencamua (Kompensatsia) means 
self-balancing. 

Wuctpyment (Instrument) means 
tool. 


Crarnyecknit — Actaruyecknii 
(Staticheski - Astaticheski) 


According to the Russian reckoning, 
networks, units of a control system, and 
the system as a whole, can be divided, 
depending on the nature of their transfer 
characteristics, into cratmuecKknii (Sta- 
ticheski), * static” and actatuueckuii 
(astaticheski), * astatic’, and also into 
linear and non-linear categories. To 
the best of the author’s knowledge 
there are no direct English equivalents 
of the former two terms. 

If, over the working range, the transfer 
characteristic is monotonic and con- 
tinuous, then for every value of input 
there is only one corresponding value of 
output, and in such a case the word 
cTaTwMuecknii (staticheski) applies. If 
the transfer characteristic happens to be 
a straight line, then the unit is also linear. 

On the other hand, if there is no 
functional connexion between the out- 
put and the input, if the transfer char- 
acteristic can vary with time, or if it 
is discontinuous, the word acraruuec- 
Kiim (astaticheski) applies. 

In the class of ‘ astatic’ devices, the 
electromagnetic relays form the most 
prominent group; these are very popular 
with the designers of control apparatus. 
Y. Z. Tsypkin, one of the leading 
Russian scientists, is an authority on 
relay systems. 

In a context dealing with the types of 
control, cratuueckuit (staticheski) is 
the synonym of proportional, whilst 
acTaTH4eckHil (astaticheski), when used 
in a more direct sense, as Opposed to 
the general one outlined above, usually 
means either integral control, or two- 
step control. When dealing with 
the time-response, the words cTaTn- 
yuecKkuHit (staticheski) and uHamu- 
4uecKHit (dinamicheski) have the same 
meanings as their English counterparts. 
The dynamic behaviour is often referred 
to as B uHamuKe (v dinamike), * in 


































































































































































































































































































































































































































































RUSSIAN 


BoaelicTraue 

BO3MylMmeHHe 

peryimpyemaa Beslm4unHa 
oumOka or Cnrnan omm6kn 
cTaTH4uecKkand OmmOKa 
ocTaTouHad ommOKa 

noMmarK 

4HCTOe Balla3{biBaHHe 
TpaHCnopTHoe 3ana3qbBanne 
nepeqaTouHoe 8alasjbiBanne 
nepexoqHoe 3ana3ibinanne 
CaMOBLIpaBHMBaHHe 
nepeperyJIMpoBanne 

3a6poc 

ABYXNO3MMOHHBIA perysATop 
cTaTH4eCKHH peryATOp 
H30],pOMHbIM peryJATOp 
HZ00pOMHbIM peryJATOp c 
BOseHCTBMeM 10 NponsBoqHOH 
peryATOp NpAMoro jelicTBHA 
3aBHCHMOe peryJINpoBaHHne 


CeTAWMH dIeMeHT 


cileqAulaA CucTeMa 
CTaTH3M 

CTeNeHb HepaBHOMepHOCTH 
30Ha peryJMpoBaHHA 
BpeMA M30,poma 

BpeMA IIpeyqBapeHna 
KPpHBadA pasrona 
roforpad 
4YBCTBHTeIBHOCTb 

NOpor 4yBCTBUTeIbHOCTH 
nepeqaTouHad PyHKWHA 
nepexoqHan PyHKWHA 
KOopPUUMeEHT yCuIeHHA 
KacKayl 

BLYACIMTeIbHAaA MallinHa 
mMoywemMpylomiee ycTpoiictso 
peoxopy, 

conj0 — 3acloHKa 
CHIIBDOH 

300THHK 





the dynamics’, whilst the steady state 
is referred to as B CTaTuKe (vy statike), 
“in the statics’. 

The fact that the Russian words dis- 
cussed in this paragraph can have 
different meanings, and that for some 
of these meanings there are no English 
terms, can make some Russian sen- 
tences sound rather obscure. 


Stability 


Because of the existence of a number 
of specifically Russian theorems, ideas 
and techniques, the subject of the 
Russian approach to the problem of 
stability is a wide one; in this paragraph, 
therefore, no attempt has been made to 
cover the whole subject, but only to 
explain those terms which are used most 
frequently. 

First, there is a stability criterion— 
KputepHit Muxaiinosa (kriteri Mi- 
khailova), proposed by A. V. Mikhailov 
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GLOSSARY 
PHONETIC EQUIVALENT 


vozdevstvie 

vozmushchenie 
reguliruyemaya velichina 
oshibka or signal oshibki 
staticheskaya oshibka 
ostatochnaya oshibka 
pompazh 

chistoye zapazdyvanie 
transportnoye zapazdyvanie 
peredatochnoye zapazdyvanie 
perekhodnoye zapazdyvanie 
samovyravnivanie 
pereregulirovanie 

zabros 

dvukhpozitsionny regulator 
staticheski regulator 
izodromny regulator 
izodromny regulator s 
vozdeystviem po proizvodnoy 
regulator priamovo deystvia 
zavisimoe regulirovanie 


sledashchi element 


sledashchaya sistema 
statizm 

stepen neravnomernosti 
zona regulirovania 
vrema izodroma 

vrema predvarenia 
krivaya razgona 
godograf 
chuvstvitelnost 

porog chuvstvitelnosti 
peredatochnaya funktsia 
perekhodnava funktsia 
koefficient usilenia 
kaskad 

vychislitelnaya mashina 
modeliruyushcheye ustroistvo 
reokhord 
soplo-zaslonka 

silfon 

zolotnik 


*Avtomat. i Telemekh’., No. 3, 1938, 
pp. 28-81), which is used in a semi- 
graphical method of investigation of 
control systems. The procedure is as 
follows: the differential equation of the 
system is compiled, converted into the 
function of the complex variable, and is 
plotted in the complex plane. The cri- 
terion states that the system is stable if, 
going fom w=0 to w=, the 
curve proceeds in the anti-clockwise 
direction (assuming the conventional 
orientation of the system of co-ordi- 
nates) and never crosses the origin. 
The obvious disadvantage of this 
method, as far as practical application 
to an existing system is concerned, is 
that the system equation must be known 
in full. In the majority of Russian 
textbooks, Mikhailov’s criterion is pre- 
sented side-by-side with the Nyquist 
criterion, and often as a preferable 
alternative to it. In Western Europe the 





ENGLISH 


signal, or action 
disturbance 
controlled condition 
deviation 


| 
offset 


hunting 
distance-velocity lag 


transfer lag 
inherent regulation 


| overshoot 


two-step controller 
proportional controller 
proportional-plus-integral controller 


puieeo-torm controller 


self-actuated controller 

complex control 

\in cascade control, the desired value unit 
jin the subsidiary controller 

tracking system, or servo-system 


| 


pene band 


integral action time 

derivative action time 
time-function response curve 
frequency and/or phase response curve 
sensitivity 

sensitiveness 

transfer function 

transient function 

gain 

stage (amplifier) 

computer, particularly digital 
analogue computer or simulator 
slide-wire 

flapper and nozzle 

bellows 

slide-valve 








same criterion is known as the Leonhard 
criterion or the Leonhard-Cremer cri- 
terion. 

Secondly, two classes of the stability 
of a system are recognized: ycrotiun- 
BOCTb B MaJIOM (ustoichivost v malom) 
—literally, stability-in-the-small—means 
that the system is stable only if the 
amplitude of the disturbances is low, 
whilst ycrofunsocts B 6o7buI0M (ustoi- 
chivost v bolshom)—stability-in-the- 
large—means that the system is stable 
under all disturbance amplitudes. This 
distinction is valid only for non-linear 
systems, because if a linear system is 
stable ‘in the small’, it is also stable 
‘in the large’. 


Russian Sources 

The standard Russian work on auto- 
matic control is ‘ Ocnopn ApToma- 
tuyeckoro Peryunpospanua’ (* Osno- 
vy Avtomaticheskogo Regulirovania ’) 
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-—‘Automatic Control Fundamentals’— 
by a group of authors under the editor- 
ship of V. V. Solodovnikov, Scientific 
Director of the Central Institute of 
Comprehensive Automation. The first 
volume, published in 1954, contains 
over 1000 pages and gives a full and 
clear presentation of the theory of both 
linear and non-linear control systems. 
An equally large second volume, which 
appeared last year, is devoted to control- 
system elements, including computers. 
Both volumes were published in Moscow 
by Mashgiz. 

Another good book in this field is 
*Teopna Astomatuyeckoro Pery.an- 
popanna Jispurateneii ’ (* Teoria Avto- 
maticheskogo Regulirovania Dvigate- 
ley’}—‘ Theory of the Automatic 
Control of Motors ’—by M. A. Ayzer- 
man, Gostekhizdat, Moscow, 1952. 

With the possible exception of 
Solodovnikov’s second volume, the 
above books are unfortunately unob- 
tainable in this country. The output of 
Russian books on automatic control 
is, however, relatively large. Many of 
them, although dealing mainly with the 
applications of automation to particular 
branches of industry, contain several 
chapters on general theory and practice 
of control, and can therefore be quite 
useful. 

Virtually the only journal devoted 
entirely to automatic control and 
allied problems is the * AsromaTnka 
u Tenemexannka’ (‘ Avtomatika i 
Telemekhanika’). It contains sum- 
maries and a contents table in English. 
A complete English translation of this 
journal is published by the Instrument 


LOOKING 
AHEAD 


Unless otherwise indicated, all events take 
place in London, B.S.C. British Computer 
Society. Brit.1.R.E. British Institution of 
Radio Engineers. 1.E.E. Institution of Elec- 
trical Engineers. I1.Mech.E. Institution of 
Mechanical Engineers. R.Ae.S. Royal Aero- 
nautical Society. S.1.T. Society of Instrument 
Technology. 


FRIDAY 10—SUNDAY 26 JUNE 

British Exhibition, Coliseum, New York. 
Federation of British Industries. 

SATURDAY 11 JUNE 

Open Day at the College of Aeronautics, 
Cranfield. 


WEDNESDAY 15—WEDNESDAY 29 JUNE 

7th International Nuclear Congress and 
Exhibition on Electronics, Rome. Detai!s: 
Secretariat, 14 Via della Scrofa. 

SATURDAY 18—WEDNESDAY 29 JUNE 
S.1.M.A. Exhibition of British Scientific 
Instruments, Moscow. 

FRIDAY 24 JUNE—FRIDAY 8 JULY 
International Machine Tool Exhibition, Lon- 
don. Organized by the Machine Tool Trades 
Association, Brettenham House, Lancaster 
Place, London, W.C.2. 

MONDAY 27 JUNE 

1960 Viscount Nuffield Paper, Machine Tool 
Development and the National Economy. 
2.45 p.m. Royal Institution, Albemarle St. 
Inst. of Production Engineers. 
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Society of America under the title 
‘Automation and Remote Control ’. 
Papers dealing with control problems 
appear occasionally in various other 
periodicals, the majority of which are 
translated into English either in this 
country or the U.S.A. Useful material 
on control apparatus can be found in 
the journal * IIpu6opoctpoenue ” (Pri- 
borostroenie), the English translation 
being produced by the British Scientific 
Instrument Research Association under 
the title ‘ Instrument Construction ’. 


Abbreviations 


There are three main types of 
abbreviation encountered in current 
literature: names of organizations, types 
of instruments, and scientific abbrevia- 
tions. 

Members of the first group, often 
recognized by clusters of Russian capital 
letters, are too numerous to be listed 
here, except the few which occur most 
frequently. 


AH (AN) stands for the Academy of 
Sciences—Arayemunt Hayk (Aka- 
demia Nauk). 


HUM (NID stands for Research 
Institute—Hayuno - Hecnegosa- 
Teibcknit, Macturyt (Nauchno- 
Issledovatelski Institut). 


KB (KB) stands for Design Office— 
KoxnctpyxKtopcKkoe Brpo (Kon- 
struktorskoye Buro). 


Copnapxos (Sovnarkhoz) stands for 
the Council of National Economy, 
i.e. a regional industrial authority. 


Instrument type-letters, known as the 
code, can be useful because they usually 


The President's Reception and Conversa- 
zione. 7.30 p.m.—12 p.m. The Royal Festi- 
val Hall. Institution of Production Engineers. 


MONDAY 27 JUNE—WEDNESDAY 6 JULY 
Moscow Congress for Automatic Control. 
Applications: Hon. Sec, Group A, B.C.A.C., 
c/o I.Mech.E. 


THURSDAY 30 JUNE—FRIDAY 1 JULY 
Exhibition of instruments and automation 
in the chemical and allied industries. Theatre 
Hall, Birkenhead Technical College. 10 a.m.— 
8 p.m. Institution of Chemical Engineers. 


MONDAY 4—THURSDAY 7 JULY 

2nd Conference of the B.C.S., Leeds. Details: 
Miss D. E. Pilling, The University, Leeds. 
THURSDAY 7—WEDNESDAY 13 JULY 5 
Institution of Electronics (Northern Divi- 
sion) 15th Annual Electronics and _ Instru- 
ments Exhibition and Convention. Man- 
chester College of Science and Technology. 
Details: W. Birtwistle, 78 Shaw Road, Roch- 
dale. 

MONDAY 18—FRIDAY 29 JULY 

An introductory course in Control Engineer- 
ing Theory and Practice. Details: Head of 
Department of Electrical Engineering, College 
~ Technology, Loughborough, Leicester- 
shire. 


LOOKING FURTHER AHEAD 
WEDNESDAY 31 AUG.—WEDNESDAY 7 SEPT. 
Annual meeting of the British Association 
for the Advancement of Science, Cardiff, 
S. Wales. 

THURSDAY | SEPTEMBER 

Joint Symposium on Rocket and Satellite 
Instrumentaton. B.1.S. and S.1.T. 


DATA SHEET—19 


indicate the function of the instrument. 
Thus, controllers have the type-code 
containing the letter P (R), electronic 
potentiometers are denoted by JI (EP), 
etc. 


Of the scientific abbreviations, only 
two need be mentioned here: 


9.4.C. (e.d.s.) stands for e.m.f.— 
aeKTPOABMKyWaA CHsia (elek- 
trodvizhushchaya sila). 


K.0.J{. (k.p.d.) stands for efficiency— 
Koappuunent nWosesnoro jelicr- 
BHA (koeffitsient poleznovo deyst- 
via). 


Colloquial Terms 


Whilst the officially recognized terms 
for the two-step control do not vary 
greatly in various languages, it is 
interesting to compare the colloquial 
terms invented for this type of action. 
As we know, the phrase is * on-off’ in 
this country and ‘ bang-bang’ in the 
U.S.A., but in Germany it is * schwarz- 
weiss’, in Spanish ‘abierto-cerrado’, in 
French ‘tout-ou-rien’, and in Russian 
—but of course!—it is ‘ da-niet ’. 
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MONDAY S5—SUNDAY 11 SEPTEMBER 
S.B.A.C. Flying Display and Exhibition, 
Farnborough. 

WEDNESDAY 7—FRIDAY 9 SEPTEMBER 
Automatic Control Conference, Massachu- 
setts College of Technology, U.S.A. 
TUESDAY 13—THURSDAY 15 SEPTEMBER 

5th International Instruments and Measure- 
ments Conference and Exhibition, Stock- 
holm. Details: AB Anders Beckman, Smal- 
andsgatan 2, Stockholm. 

WEDNESDAY 14—FRIDAY 16 SEPTEMBER | 
Congress of the Association Frangaise de 
Calcul. Registration: The Secretary, Asso- 
ciation Francaise de Calcul, Institut d’Astro- 
physique, 98 bis, Boulevard Arago, Paris 14. 


TUESDAY 27—WEDNESDAY 28 SEPTEMBER 
Convention on Automatic Control, 1.Mech.E. 


TUESDAY 27—THURSDAY 29 SEPTEMBER 
Conference on Ergonomics in Industry. 
Details: Miss H. M. Clay, D.S.LR., 14-18 
Cornwall Terrace, Regent’s Park, London, 
N.W.1. 


TUESDAY 18—FRIDAY 21 OCTOBER 

First Effluent and Water Treatment Exhibi- 
tion and Convention. Seymour Hall. Thun- 
derbird Enterprises Ltd., 140 Cromwell 
Road, London, S.W.17. 


WEDNESDAY 19—WEDNESDAY 26 OCTOBER 
Interkama International Congress and Exhi- 
bition for Instrumentation and Automation, 
Dusseldorf. 


WEDNESDAY 4—THURSDAY 12 OCTOBER 1961 
Second Electronic Computer Exhibition and 
Symposium. Details: D. C. Scoones, Peat, 
Marwick, Mitchell & Co., 9498 Petty 
France, London, S.W.1. 
































































































































































































PEOPLE 


by Staffman 





IN CONTROL 


CHANDOS 
initiator 





The oil people are in temporary 
ascendency within the Society of Instru- 
ment Technology, G. C. Eltenton of Shell 
having been elected President and 
S. W. J. Wallis, re-elected Vice-president. 
D. B. Pinkney of Taylor Controls was 
also elected Vice-president. Many other 
well-known people in control were in 
evidence at the a.g.m. on May 24. The 
ordinary members elected to serve on the 
S.LT.’s Council were, W. Bamford (Hilger 
& Watts), V. D. MacLachlan (Honeywell 
Controls), D. F. Nettell (1.C.T.), W. C. 
Richards (Monsanto), D. S. Townend 
(B.P.), and G. M. E. Williams (North- 
ampton C.A.T.). 





Associated Transistors, the tripartite 
semiconductor company controlled by 
Automatic Telephone & Electric, English 















































MITCHELL 
chaired 


Electric and Ericsson Telephones, has a 
new Chairman, J. H. Mitchell, Director 
of Research at Ericsson. He succeeds 
A. T. & E.’s G. D. Christie who, of 
course, remains on the board. The other 
board members are E. Eastwood of 
English Electric and Marconi’s, Paul 
de Laszlo of English Electric, F. O. 
Morell of A. T. & E., J. Reading of 
Ericsson and A. J. Young of English 
Electric. 


The recent U.S. Fairbanks Whitney- 
E.M.I. Electronics agreement appears to 
have had an interesting side effect in 
that my old acquaintance Tom West, 
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who was E.M.I. Electronics’ Press and 
Publicity Manager, has taken up a simi- 
lar post with the American firm. He will 
be responsible for their European activi- 
ties. West hopes to ‘.. . project E.M.I. 
Electronics on to the U.S. market, and 
Fairbanks Whitney in Europe.’ 

T. C. Howell, who joins Sperry Gyro- 
scope as General Sales Manager of the 
Industrial Division is a man of much 
experience. He has been closely associated 
with many large civil and military pro- 
jects, including the Fairey Fireflash air- 
to-air weapon, and the v.h.f. communica- 
tions system for the Mersey Docks and 
Harbour Board. He has been a member 
of various $.B.A.C. committees on guided 
weapons and components and, I under- 
stand, has done positive work on modular 
devices and thought mechanization. 


Another man with wide experience of 
auto-control, John H. Whitaker, has 
been appointed Sales Manager of Hagan 
Controls. Early in his career he was in 
the Chief Engineer’s Department of the 
L.C.C., and during the war became 


















WHITAKER 
experienced 


HOWELL 


Deputy Assistant Director Mechanisms 
Engineer of R.E.M.E. Hill was engaged 
on instrument and control systems at 
Electroflo, was Sales Manager of Elliott’s 
Power Plant Division and, from 1956, 
was Sales Director at Panellit where he 
was responsible for new techniques in 
data logging and computing systems. 









My heading illustration shows Lord 
Chandos, Chairman of A.E.L, pressing 
the button of a miniature transistorized 
radio transmitter and so unveiling a plaque 
to mark the opening of the A.E.I. (Wool- 
wich) research laboratory at Harlow on 
May 17. I was most impressed by the 
laboratories although often out of my 
depth, as A.E.I. (Woolwich)—still better 
known as Siemens Edison Swan—is 
mainly concerned with the more esoteric 
aspects of communications work. J. N. 
Aldington, Managing Director of the 
Woolwich Group, introduced the Direc- 
tor of the Harlow laboratory, M. E. 
Haine, who succeeds G. W. Sutton. The 
latter retires after service going back to 
the Siemens Brothers’ days. 


P. W. Faulkner, who has been appointed 
Deputy Managing Director of Rank 
Xerox, was a Director of Plessey. He 
said to me ‘I was concerned with the 
problems of global marketing for pro- 
cess and special equipment in the chemi- 
cal, metallurgical and electronic fields. 
Now this new process of xerography has 
really captured my imagination.” 











There have been several new appoint- 
ments within the Dowty Group, F. Bastow 
becoming Managing Director of Dowty 
Seals, C. F. Porter and K. G. Ware being 
appointed to Dowty Mining’s board, and 
C. N. King joining the board of Dowty 
Hydraulic Units. King was engaged on 
radar design and development with the 
Ministry of Supply during the war, 
becoming Director and Chief Engineer 
of Exactor in 1946. He joined Dowty 
Hydraulic as Chief Designer in 1955, 
and later became Sales Manager. 


I gather that J. Hambleton, Chief 
Engineer of Joyce, Loebl & Co., has 
been appointed to the board of that 
company. His particular function will be 
to supervise their photo-electronic pro- 
cess control interests. 
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AUTHORS IN CONTROL 


Leonard Landon Goodman (Thoughts on 
the 1.E.A. Show, page 84) was educated 
at Manchester College of Science and 
Technology, Royal Technical College, 
Salford, and London University, and 
has a first-class honours degree in 
mechanical and electrical engineering. 
He is an Associate Member of the In- 
stitutions of Mechanical, Electrical, and 
Production Engineers, a Fellow of the 
Royal Society of Arts, an Associate of 
the Royal Technical College, Salford, and 
a member of the American Materials 
Handling Society. He has spent most of 
his working life in industry on design, 
production, sales, and advisory work, and 
has made a particular study of the inte- 
gration of various fields of industry, and 
of ways of increasing industrial produc- 
tivity at home and abroad. He is the 
author of many papers on management, 
management engineering, _ industrial 
engineering, and electrical subjects, He is 
at present Industrial Specialist with the 
British Electrical Development Associ- 
ation. 


BEER GOODMAN 


Stafford Beer (The cybernetic company, 
page 95) read philosophy with psycho- 
logy at London University. His education 
was interrupted by the Second World 
War, when he served in the Royal 
Artillery, the Royal Fusiliers and the 
Gurkhas. On his return from India, he 
worked in personnel selection and the 
field of psychological research. In 1948 
he joined the United Steel Companies as 
a management apprentice, and was Pro- 
duction Controller at Samuel Fox & Co. 
Ltd., before being appointed Head of the 
United Steel Companies’ new Depart- 
ment of Operational Research and Cy- 
bernetics. 


J. G. Giles (Servo-controls in automobile 
transmissions, page 99) graduated from 
King’s College, London, with first-class 
honours in mechanical engineering. His 
engineering training was interrupted by 
war service in the R.A.F., initially in 
Motor Transport sections and, later, on 
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flying duties as a pilot including a tour of 
duty as Captain of a heavy bomber and 
as an instructor in the U.S.A. In 1948 
he left Rolls-Royce to join the Royal 
Aircraft Establishment as Senior Scien- 
tific Officer working on the measurement 
of stresses and air loads on aircraft 
structures. He was later transferred to 
the Atomic Weapons Research Estab- 
lishment where he was responsible for the 
design and development of certain wea- 
pon components, and became a Principal 
Scientific Officer. He joined the Motor 
Industry Research Assciation at the end 
of 1954 as Research Engineer and was 
subsequently appointed Deputy Director. 
He was awarded a Manville Grant in 
1953 for research at King’s College on 
hydraulic transmissions. 


Andrew D. Booth (The diverse nature of 
switching, page 103) experienced some 
years in industry and graduated with 
first-class honours as an external student 
of the University of London. During the 
war he was at Birmingham University 
working on crystallographic problems of 
explosives. In 1946 he took up a Nuffield 
Fellowship at Birkbeck College, London, 
and in 1947 spent six months at Prince- 
ton, U.S.A., as a Rockefeller Fellow and 
a member of the Institute for Advanced 
Study. On returning, he initiated the 
Birkbeck College Electronic Computer 
Project and in 1954 became the Director 
of the Computation Laboratory, Birk- 
beck College, and University Reader in 
Computational Methods. In 1957 Dr. 
Booth was appointed Director of the 
newly-formed Department of Numerical 
Automation. 


K. G. Garner (Mid-course, page 107; 
Consulting Editor for the series Control- 
ling guided weapons), received a B.Sc. 
(Eng.) degree in electrical engineering 
from Queen Mary College, London Uni- 
versity, in 1944. He was a member of the 
Royal Naval Scientific Service at H.M. 
Underwater Detection Establishment, en- 
gaged on sea trials concerned with the 
development of underwater acoustic 
devices and associated measuring equip- 
ment, and with Asdic, until 1947. Join- 
ing the Guided Weapons Department, 
R.A.E., Farnborough, he was seconded 
to the Admiralty Gunnery Establishment 
between 1947-49 for work on missile 
servo-systems and flight-table simulators. 
On returning to R.A.E. Farnborough, he 
worked on g.w. assessment and control- 
system analysis ,and later took part in 
the design, construction, and operation 
of several analogue computers and simu- 


lators, including Tridac. Garner left 
R.A.E. in 1956 to take up his present 
post, that of Lecturer in Control and 
Simulation in the Department of Elec- 
trical Engineering, at the College of 
Aeronautics, Cranfield. 


J. R. Pattison (co-author with J. C. J. 
Wright — below — of Radiation pyro- 
meters, page 113) graduated as a B.Sc. 
(Hons.) in physics and mathematics 
from London University and joined the 
Research Department of A. C. Cossor 
for work on a radio valve design. After 
joining the Metal Box Company as a 
Physicist, he obtained the B.Sc.(Hons.) 
degree of London University in special 
mathematics by evening study, and sub- 
sequently returned to the University to 
carry out research for a higher degree. 
In 1951 he was awarded the Diploma of 
the Imperial College of Science and 
Technology for research carried out in 
the Royal College of Science, and in 1952 
obtained the degree of Ph.D. for work in 
the field of internal friction in magnetic 
materials. He joined the British Iron and 
Steel Research Association in 1952 and is 
now Head of the Energy Section formed 
to study the relations between energy 
demands, available fuels and develop- 
ments involving new usage or distribu- 
tion of energy in the steel industry. 


J. C. J. Wright was educated at Leicester 
University, and joined B.I.S.R.A. on com- 
pletion of his National Service. He is a 
member of the staff of the Energy Sec- 
tion, where he is particularly engaged in 
the design of special instruments for the 
measurement of temperature and radia- 
tion. He is also involved in the instru- 
mentation of an experimental forging 
furnace which is now being installed. 


GARNER SIEMASZKO 


Z. A. Siemaszko (Russian control termin- 
ology, page 117) studied electrical engin- 
eering at the Polish University College in 
London. Subsequently he worked on the 
development of electronic instruments at 
Furzehill Laboratories, and on the devel- 
opment of electronic and nucleonic in- 
struments at Murphy Radio. For the past 
five years he has been with Bailey Meters 
and Controls developing industrial pro- 
cess control apparatus. He combines 
linguistic interests with his engineering 
activity. 





































































































































































































































































































Pick=Of fF rcovnouso 


getting too close to your work 

to know how you look col- 
lectively to the great world outside. 
here is your appearance as seen by 
a reporter in the News Chronicle. 
Writing about last month’s [.E.A. 
Exhibition at Olympia (reviewed in 
CONTROL this month on pages 84- 
85), he told his readers that ‘ 
there you will find the “gone” 
characters, the people who have 


S evtine ANY OF YOU be 


2» 


slipped over to the side of the 
machines, gazing awe-struck at 
mechanical bundles of flashing, 
throbbing energy that can make 
138,000 decisions a minute’. Gosh! 


HE S.LT. CONTROL sec- 

tion enjoyed an outing on 
Monday May 16th, when 

they visited Bradwell Nuclear 
Power Station (which is now near- 
ing completion). I gather from a 
member of the party that, in the 
opinion of one of the guides, elec- 
tric will be replacing pneumatic 
transmission in the later nuclear 
stations, but that this will be more 
due to staffing difficulties than to 
any technical superiority of one 
method over the other. In larger 
chemical plants, where experienced 
personnel are available, the Brad- 
well man agreed that such a change 
would be unnecessary or unwise. 
One of the visitors added another 
possible explanation of the pre- 
dicted trend. He suggested that as 
nuclear people mostly come from 
electrical stock, they naturally go 






122 





for electrical methods. I wonder 
how many actual choices are influ- 
enced in this way? 

Apparently the faulty matching 
of colours on instrument panels 
came in for comment also ; instru- 
ment cases of nominally the same 
hue as their surroundings were in 
fact conspicuously different. I have 
heard this sort of complaint 
repeatedly in recent months, and I 
know it to be a nuisance in many 
industries. The problem of mea- 
suring and controlling colour has 
still to be solved. 


be some fun in collecting defin- 

itions of ‘automation’. After 
some of my recent comments on 
this page I hope I may not be 
accused of flogging this subject too 
much if I quote the latest that have 
come my way. The most interest- 
ing one, I think, is given in Progress 
in Automation, a book edited for 
Butterworths by Dr. Andrew Booth 
(who is a contributor to CONTROL 
this month). ‘It is probably ade- 
quate to suggest’, Dr. Booth writes 
in the new book, ‘ that automation 
seeks to duplicate the activities of 
living creatures, including humans, 
by non-living but energy-consuming 
means’. Summarizing the history 
of automation, Dr. Booth gives 
fire as perhaps the first example of 
it. His other early instances are the 
wheel, the plough, and the water 
clock. I would not myself presume 
to dispute with Dr. Booth on his 
definition, but he is certainly going 
a long way from so-called ‘ Detroit 
automation ’. 

Leon Bagrit was somewhere be- 
tween Dr. Booth and Detroit when 
he recently broadcast six talks for 
the B.B.C. (The A.BC. of ‘ Elec- 
tronic Brains’, now issued as a 
pamphlet at Is 6d). Bagrit used the 
human analogy: ‘ Mere mechaniza- 
tion is muscular action, that is to 
say, our limbs can move without 
our having to use our brains. It is 
only when our brain controls our 


I STRIKES ME that there may 


movements that these can be ad- 
justed to changes in outside cir- 
cumstances.’ The brain-like ability 
of computers to be given instruc- 
tions and then to take charge of 
processes, he said, is automation. 
As he himself pointed out, Bagrit 
was giving extremely simple ex- 
planations for the layman’s bene- 
fit, and I believe that he was justi- 
fied in using the human analogy 
as he did. But if we press this ana- 
logy a little further we find that 
muscular movement can be started 
from anywhere between the rela- 
tively lowly spine and the highest 
regions of the brain. This was 
emphasized by Stafford Beer at a 
recent meeting of the British Com- 
puter Society, when he used the 
human analogy to distinguish both 
mechanization and automation from 
a still loftier function, which some 
might—though I hope they will 
not—call ‘ cybernetation ’. 

Beer is something of a contro- 
versial figure in our control world, 
and there are those who would 
deny him a place in it altogether. 
A book of his was fiercely 
criticized, for example, in the LEE. 
Journal a few months ago. The 
reviewer deplored ‘a pseudo-philo- 
sophical commentary that chiefly 
consists in indicating analogies in 
widely diverse fields and reaching 
doubtful conclusions from them’. 
Some idea of Beer’s approach can 
be gained from his article on page 
95 of this issue. For my part, I 
prefer to suspend judgement on all 
such highbrow work for the time 
being. I have sometimes thought 
of ‘cybernetics’ as yet another 
cabalistic abracadabra like ‘ auto- 
mation’ but if Beer’s team at 
United Steel can produce the pro- 
mised practical results then I shall 
certainly sit up and take notice. 


Leon Bagrit again on another 

and much less rarefied subject. 
Writing in Steel Review he surmises 
that at least £20m worth of elec- 
tronic and allied exports in 1959 
was directly related to automatic 
control—nearly twice as much as in 
1957. These figures are better than 
anybody's except the Americans’, 
but we are warned that Germany, 
France and Sweden are creeping 
up. I was surprised to see no refer- 
ence to the six-and-seven business 
in Bagrit’s article, although he dis- 
cussed markets and national com- 
petitors in general terms. But I 
don’t suppose that anybody can 
clearly see the way ahead in that 
complicated tangle. 


Il SHOULD LIKE to quote from 





CONTROL June 1960 

















...to FLOW 


Thrust relief for flowmeter rotor 
bearings 

A rotary flowmeter recently intro- 
duced by Meterflow Ltd., uses the 
pressure of the metered fluid to re- 
lieve the axial load on the rotor bear- 
ings. The method is illustrated in Fig. 
la. It forms an interesting compari- 
son with the method used in the de 
Havilland Pottermeter, Fig. 1b. 

The rotors of both meters turn at 
speeds proportional to the rate of 
fluid flow, and this rate is transmitted 
to remote indicators by electronic 
pulse-counting circuits. In the Potter- 
meter, pulses are produced by a per- 
manent magnet built into the rotor; 


in the Meterflow instrument, the pulses ~ 


are produced by the rotor blades cut- 
ting the field of an externally mounted 
magnet. 

As shown in Fig. la, the Meterflow 
rotor, upstream bearing housing, and 
downstream bearing spigot are drilled 
axially. This gives direct communication 
between the upstream fluid pressure 
at C and the space between the conical 
faces A and B. It will be noted that 
the tapers of these two faces differ, so 
that the actual pressure in the space 
between them depends on the clear- 
ance between the outer edges of the 
surfaces. If this clearance is large, the 
pressure is low and approximately 
equal to that at E; as the clearance 
approaches zero, the pressure ap- 
proaches that at C. 

Because of the reduction in the cross- 
sectional area of the flow caused by the 
rotor body, the pressure at D is less 
than that at C. (This is in accordance 
with the principle of fluid flow, that 
increased velocity gives decreased pres- 
sure, as in a Venturi tube.) Conse- 
quently, the resultant thrust on the 
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body may, at a given clearance be- 
tween the peripheries of the surfaces 
A and B, be made to balance the 
thrust on the rotor blades. In practice 
this clearance is self-adjusting, as, if 
the blade thrust exceeds the compen- 


Fig. la Meterflow 
rotor assembly. The 
axial drilling trans- 
mits the upstream 
pressure to the 
fluid ‘ cushion’ be- 
tween faces A and B 


Fig. Ib Pottermeter 
system. Axial thrust 
on the blades is 
balanced _ entirely 
by a pressure differ- 
tial caused by the 
shape of the rotor 


body 


sating thrust, the rotor moves axially 
to decrease the clearance. 

The Pottermeter relies entirely on 
the Venturi principle to relieve axial 
thrust. The cross-section of minimum 
flow area, and hence minimum pres- 
sure, is at X (Fig. 1b). The fluid in 
the clearance space between the fixed 
cone Y and the upstream end of the 
rotor body is at this relatively low 
pressure. Consequently the resultant 
thrust on the rotor body opposes that 
on the blades. 

Over-correction is prevented by 
making the end diameter of the rotor 
slightly greater than that of the fixed 
cone. This has little effect when the 
surfaces are well separated, but, as the 
body approaches the cone, the metered 
fluid eventually impinges on the ex- 
posed periphery of the body. The rotor 









is thus kept axially in equilibrium 
under the action of the force due to 
this fluid impact, and the opposing 
forces due to the pressure differences 
across the blades and body respect- 
ively. 


RELA 
TLS 


Both types of meter have been de- 
signed for use with corrosive fluids. 
The Pottermeter is also claimed to be 
suitable for liquids containing sus- 
pended particles. The axial drillings in 
the Meterflow instrument make it less 
suitable for applications of this kind. 


-.-- to POSITION 
Electrohydraulic servo-valve 


The servo-valves used to control the 
various butterfly valves in the National 
Gas Turbine Establishment’s new Pye- 
stock high-altitude test cell (see Con- 
trol in action, page 109) were origin- 
ally developed by Sir W. G. Armstrong 
Whitworth Aircraft, Gloucester, for a 
flying control system. The function of 
these servo-valves is to convert an 
electrical control signal to a hydraulic 





123 




















































































































































































































































































































































































IDEAS APPLIED .. . 


Oil return 


PILOT VALVE 


piugheagi” Sens 
Oil as | 
\v) 


EE ee 


MAIN VALVE | oa 7 


ar eUtare & 


/ A Y A 
p LL | Aly 


pS 
¢ 


Oil 
to jack 


signal which operates the jacks on the 
butterfly valves. 

An unusual feature of the servo- 
valve is a flexible diaphragm, clamped 
at its perimeter, and oscillating at 400 
c/s between two pilot jets. The oscil- 
lation is caused by two coils, on 
either side of the diaphragm. The con- 
trol signal is converted by a mark- 
space generator into two 400 c/s square 
wave signals, 180° out of phase with 
each other, and fed to these coils. 
When the error signal is zero, the 
mark-space ratio of the wave form is 
50:50, and this ratio may be steplessly 
varied up to 80:20 or 20:80 depend- 
ing on the sense of the signal. 

Through the centre of the coils are 
oil-ways which terminate in two pilot 
jets, 0-004in. from the face of the 
diaphragm when the latter is static. 
When oscillating, however, the dia- 
phragm restricts the oil flow from the 
two jets alternately, in proportion to 
the mark-space ratio of the signals 
feeding the coils. 

The main valve is a four-way centre- 
return type. Fluid delivery to the actu- 
ator jack is through tapered slots 
ground in the edges of the spool lands. 
Delivery is thus proportional to the 
movement of the spool from the 
neutral position. There is an additional 
land and slots at each end of the valve 
spool. 

The fluid pressures at the two ends 
of the spool rise and fall from the 
mean level as the pilot-valve dia- 
phragm, following the square wave in- 
put to the coils, remains longer on 
one jet than on the other. These out- 
of-balance hydraulic forces will cause 
the spool to move. Flow through the 
slots in the spool-end lands will then 
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Fig. 1 Two-stage 
servo-valve. An elec- 
——o trical input signal 
controls the mean 
| 
| 
| 


phragm, which vi- 

brates continuously 

between the input 

coils. The conse- 

quent changes in 

resistance to flow 

|| from the two 
nozzles produce a 

pressure difference 

across the spool, 

End which moves to 
sechamber give the required 
oil flow to the jack. 


| position of the dia- 


ate 


increase at the end where pressure is 
low, and decrease at the high-pressure 
end. The resultant displacement of the 
spool from the neutral position, and 
hence the rate of flow to the actuator, 
is linearly proportional to the varia- 
tion of the mark-space ratio from 
50: 50. 


- - « to SIZE 
Developments in automatic grinding 


J, H. CHURCH, B.Sc., Sigma Instrument Co. Ltd. 
The type of size-control equipment 
commonly fitted to centreless grinding 
machines takes the form of a gauge to 
which the parts are automatically pre- 
sented after grinding, together with 
the appropriate circuitry to initiate 
corrective action in response to the 
presentation of parts outside a preset 
tolerance. This system has a wide ap- 
plication, and once set up to produce 
parts correct to drawing limits it 
should be necessary only to examine 
the surface finish. The corrective action 
necessary when surface finish degen- 
erates consists of redressing the grind- 
ing wheel and resetting it to produce 
the correct size. 

Fully automatic operation may be 
achieved by combining the size-control 
equipment with automatic redressing 
and repositioning of the grinding 


Fig. 1 Basic pneu- 
matic and hydraulic 
circuit. The nozzle 
directing coolant on 
to the grinding 
wheel produces a 
pressure signal to 
initiate corrective 
action 
Grinding 
wheel 










wheel. Such a system has been built 
by the Sigma Instrument Company 
(British Patent 827037). It consists of 
a size controller together with a wheel- 
position sensing probe. In operation, 
the size controller compensates for 
wheel wear between dressing cycles, 
and the wheel-position sensing probe 
is used to reset the wheel after dress- 
ing. The number of components 
ground between dressings is controlled 
by the manual setting of a predeter- 
mining counter. This system has been 
applied to a plunge grinding operation 
on a No. 4 B:S.A. centreless grinder, 
maintaining a tolerance of better than 
0-0002 in. 

An important point that has emerged 
from trials with this and similar equip- 
ment is that the redressing equipment 
alone may be used to give the re- 
quired control of the size of the part. 
Hence complete automation can be 
achieved without the use of conven- 
tional size-control equipment, pro- 
vided that the spread produced by 
the wheel repositioning equipment plus 
the growth of the part between wheel 
dressings does not exceed the tol- 
erance. 

The technique of monitoring wheel 
position follows conventional pneu- 
matic gauging principles, in that a 
transducer is actuated by the back 
pressure set up between a restriction 
and an escape jet of fluid directed at 
the surface of the wheel. A very signi- 
ficant improvement is brought about, 
however, by use of the coolant—from 
the normal supply found on_ the 
machine—instead of air. By virtue of 
its high kinetic energy, the coolant jet 
is able to sense the wheel surface 
regardless of any film of coolant 
which may have formed on it, and 
which would tend to falsify the signals 
from an air jet. 

The method is illustrated in Fig. 1. 
Filtered coolant is pumped via a 
pressure regulator, restriction, and 
nozzle to provide a jet directed at the 
grinding wheel surface. The clearance 
between jet and wheel may be inter- 
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preted from the reading of the pres- 
sure gauge G. The pressure of the 
coolant in this part of the system is 
converted, by the transducer T, to a 
corresponding air-pressure to operate 
the repositioning system. A manual 
control C is incorporated for trimming 
the control signal. The use of the 
bridge-type circuit, with the coolant- 
pressure regulator set by the regulated 
air-pressure, ensures good stability. 

Experience with this equipment has 
led to the use of a working gap of 
0-006 in. between the jet and wheels 
of about 60 grit. The effective gap is 
greater than the nominal clearance 
between wheel and nozzle, because of 
the roughness of the surface. 

The necessity for operating on the 
linear part of the pressure-gap curve 
places a limit on the possible clear- 
ance, but coarse wheels of 20 grit have 
been accurately monitored with a 
clearance of 0-004 in. A typical figure 
for the repetitive accuracy of the 
wheel repositioning is 0-0001 in., but 
this must obviously depend on the 
state of the slides and bearings of the 
machine. A set of equipment has been 
produced to control the grinding of 
parts to a tolerance of 0-0002 in., in- 
clusive of size growth between wheel 
redressing. Once the monitoring jet 
has been set to produce the correct 
size no further adjustment on the 
machine is necessary. Commencing 


with the dressing cycle, at the com-~ 


pletion of the return diamond pass, 
the wheelhead compensating motor is 
energized and feeds the wheel towards 
the jet. When the surface of the wheel 
has been returned to the required 
position, circuits operate which arrest 
the wheel, reset the predetermining 
counter, and re-start the component 
feed. The predetermining counter now 
counts down the preset number of 
components, after which a circuit 
operates to stop the component feed 
and start the wheel dressing motor, 
thus completing an automatic cycle. 
The reliability and essential simpli- 
city of the system has led to its wider 
application not only through feed 
centreless grinding, where wheel posi- 
tion is continually monitored and com- 
pensated, but to surface grinding 
where successive signals are used to 
select medium and fine in-feed rates 
and stop the process at final size. An 
important feature of the latter appli- 
cation is that the highest accuracy 
may be achieved together with the 
Optimum rate of wheel in-feed. 
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--- fo PNEUMATIC 
SIGNALS 


Relays for selection, averaging 
and inversion 


P. R. PRIOR, Honeywell Controls Ltd. 


The versatility of pneumatic control- 
lers may be greatly increased by the 
use of relays to select, combine, or 
otherwise modify the control signals. 
Three of a range of such relays are 
described here. The functions of these 
three units are respectively: (1) to 
select the higher (or lower) of two 
pressures; (2) to average two pres- 
sures ; (3) to ‘invert’ the input pressure 
—i.e. to produce an output equal to 
the difference between the input pres- 
sure and a fixed reference pressure. 
It is frequently necessary to select 
automatically the higher or the lower 
of two pressures, to feed on to a valve 
or regulating mechanism. Fig. | shows 
in section a relay, which is typical of 
the range, and which is intended for 
such selecting or diverting service. The 
two pressures are connected in oppo- 
sition to ports 1 and 5. The solid 


Control signal A 








control 
valve 


Diaphragm 
_ 9 Control 






signal B 


Fig. 1 Pneumatic selecting relay 


centre-piece linking the two dia- 
phragms moves away from the higher 
pressure, thereby closing one valve 
and opening the other. In the arrange- 
ment shown in Fig. 1, the valve which 
is opened will be that connected to 
the higher of the two input pressures. 
Consequently the body of the valve, 
and the outlet port 3, will be con- 
nected to this pressure. By reversing 
the connexions to ports 2 and 4, the 
lower pressure may be selected. 
Fig. 2 shows a similar relay ar- 
ranged to average two pressures. In 
this case an additional chamber is in- 
troduced and the signals concerned 
are connected to ports 1A and IB. 
The effective area of the top dia- 
phragm is half that of the bottom dia- 
phragm. The downward thrust on the 
centre member is therefore propor- 
tional to the average of the pressures. 
By connecting the supply air pressure 
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to port 2 and venting port 4 to at- 
mosphere, the pressure in the body, 
which is in direct connexion with the 
outlet port 3, balances this downward 
thrust. 

To ‘invert’ or ‘reverse’ a pneu- 
matic signal, the version shown in 


Control signa! 


A 





Output to 
control 
valve Equalizing ; 
orifice ™ Diaphragm 


Fig. 2 Averaging relay 


Fig. 3 is used, where the pressure of a 
spring is applied to the centre member 
which, as before, controls the body 
(or outlet) pressure, by positioning the 
inlet and bleed valves. The movement 
of the centre member in this case is 
such that the spring force is equalized 
by the sum of the forces resulting 
from the inlet pressure acting on the 
smaller diaphragm, and the body pres- 
sure acting on both diaphragms. The 
ratio of the effective areas of the two 
diaphragms is again 2:1. The inlet 
pressure and the body (or outlet) pres- 
sure are therefore complementary, 
their sum (usually 18 1b/in? or 15 1b 
in?) being set by adjusting the spring. 

Relays of the type described are 
small, easy to install, and can be 
mounted in any position. They norm- 
ally operate over the 0-18 or 3-15 
lb/in? pressure range and have many 
applications. While their accuracy is 
not expected to be good enough for 
them to be used in measured-variable 
impulse lines, they nevertheless pro- 
vide a highly versatile low-cost acces- 
sory for control loops. 


Fig. 3. Inverting relay 
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—peemncn PETROLEUM 
Ellesmere revisited 


During a recent visit to Mobil Oil's 
Ellesmere Port terminal, CONTROL saw 
more details of the fuel-oil blending 
system described in Control in Action 
(‘ Viscosity control at Mobil Oil’) in 
April. At Ellesmere Port, a light and a 
heavy oil are continuously blended 
together to produce fuel oil of a 
guaranteed standard. This in-line blen- 
der is by Fisher Governor, the system 
being ‘trimmed’ by a Smiths vis- 
cosity controller. The latter consists of 
two rotating-cup viscometers in which 
the viscosity of a sample from the 


Orifice 


Heavy oil 
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fuel 


Light oil 


Metering 
vaive 


The in-line blender at Mobil Oil's Elles- 
mere Port ocean terminal 


pump line is continuously balanced 
against the viscosity of a standard 
sample. 

Signals from the viscosity controller 
regulate the metering valve of the 
Fisher in-line blender, shown diagram- 
matically. The principle is that of 
parallel metering of the two oils, the 
pressure losses across the two metering 
areas being kept equal. Two pressure- 
regulating valves are actuated by a 
common diaphragm. Pressure tappings 
are taken just upstream of a fixed 
orifice and metering valve respectively, 
and piped to either side of the dia- 
phragm. Any inequality of pressure 
between these points causes the com- 
mon valve-stem assembly and valves 
to move, changing the pressure losses 
of the two streams, raising the lower 
and reducing the higher until the pres- 
sures are equal. 

The high-viscosity oil passes through 
a fixed orifice and the low-viscosity 
component through the metering valve 
which proportions the flow. A pres- 
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sure-difference sensing switch, across 
the fixed orifice, switches on a second 
black oil pump, when the flow from 
the first pump is at a maximum. When 
the two streams are properly propor- 
tioned they are mixed. A sample is 
then extracted for comparison by the 
viscosity controller which transmits a 
signal to the metering valve to correct 
for any deviation. The blended pro- 
duct is then piped to the loading arms, 
these being fitted with pressure 
switches to start the pump when 
required. 


A | 
Carpet looms controlled 


A control system by Westool Ltd., 
which has been fitted to two carpet 
looms at T. F. Firth & Sons of Brig- 
house, will stop a loom immediately 
if any of the fibres break, and so avoid 
the production of faulty material. In 
the conventional system, feelers touch 
when the yarn breaks and operate a 
relay to give an alarm and stop the 
loom. As direct operation of a relay 
necessitates power in the feeler circuit, 
it was possible for an arc to ignite the 
yarn. In addition, grease and dirt on 
the feelers could prevent a breakage 
of yarn being indicated. 

In the Westool system, a detection 
relay is connected in the common 
supply to a number of triodes, alarm 
indication lamps being in series with 
individual valves. A high negative- 
bias voltage is applied to the control 
grids of the valves. When a yarn 
breaks, the feelers short out the bias 
on the grid of a particular valve, thus 
energizing the relay and lighting an 
alarm lamp. The detector relay ener- 
gizes a control relay which stops the 
loom and lights a main alarm lamp, 
and also latches itself ‘in’ so that 
when a fault has been recorded a reset 
button must be pressed before the 
machine can be started again. The 
current through the feelers is about 
0-4 mA. 


aan caleimmaiaoma n 
E-A Automation Systems formed 


At a press conference in London last 
month, Leon Bagrit, Deputy Chair- 
man and Managing Director of Elliott- 





from the world of control 


Automation Ltd., said that his com- 
pany had, during the past decade, 
become increasingly aware of a gulf 
between ‘automatic control’ and 
‘automation’. A new company had 
therefore been created, E-A Automa- 
tion Systems Ltd., and this was 
divorced from the day-to-day activities 
of the fifty other companies and 
divisions in the Elliott Group so that 
it might ‘work wholly in this new 
realm of pure automation’. The staff 
consists entirely of systems engineers 
and ‘has drawn to itself the most ad- 
venturous thinkers’ from the Group. 
Claiming that the formation of the 
new company would enable the Group 
to lead the industry, Mr. Bagrit went 
on to state that it was currently en- 
gaged upon the study of what might 
turn out to be the largest project for 
an automated process plant in Europe. 


(migawaes SHIPPING ————— 
Automatic navigation 


The U.S. Department of Commerce 
has contracted with industry for a 
study of the feasibility of automation 
in the operation and navigation of 
merchant vessels. Aircraft practice will 
be followed, a central control station 
operating electrical circuits to govern 
the mechanical components which pro- 
pel and manoeuvre the ship. They are 
also developing a radar computing sys- 
tem with the object of avoiding so 
called ‘ radar-assisted ’ collisions. 


—— DATA PROCESSING——— 
Computers applied 


Ferranti 

The last month has seen yet more 
examples of the fast-growing accep- 
tance of the computer as a basic tool 
in industry and research. A £250,000 
Ferranti Orion has been ordered by 
the National Institute for Research in 
Nuclear Science for use at their 
Rutherford High Energy Laboratory, 
Harwell. This will be used in analysing 
and computing data from Nimrod, the 
7 GeV proton synchroton, and should 
be delivered in early 1962. 

In a very different field is an order 
for Orion by Prudential Assurance. 
This, with peripheral equipment, will 
cost £400,000, and, initially, will deal 
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with 1-25 million ordinary life policies. 
Later, Prudential may use Orion for 
dealing with thirty million industrial 
life policies. 

Yet another order on Ferranti, is 
one for a Pegasus by the College of 
Aeronautics, Cranfield. This should be 
delivered in July and will be used to 
teach the fundamentals of program- 
ming and computer techniques. It will 
be operated by the Department of 
Mathematics on behalf of other 
Departments who need research faci- 
lities, used in investigating stock con- 
trol and accountancy, and may even 
be employed on research into infor- 
mation retrieval systems. 


English Electric 
The KDP.10 data processing system 
of English Electric has been ordered 
by the Commercial Union Group of 
Assurance Companies. Costing some 
£300,000, it is expected to be opera- 
tional in early 1962. The KDP.10 will 
be installed in a data centre to which 
each day’s transactions will be trans- 
mitted by teleprinter from Commercial 
Union offices throughout the country. 
Daily, the KDP.10 will maintain a 
file of some five million policies, pre- 
pare new policies and so on. Manage- 
ment control data will also be pro- 
duced. Two Rank Xeronic printers will 
be linked with the system. 


National-Elliott 

Courtaulds’ the rayon and textile 
people, have ordered a more powerful 
National-Elliott 405 electronic data 


processing system which is to be ~- 


installed at their Coventry works 
shortly. Courtaulds’ first 405, a com- 
paratively small system, has been 
operating since December 1959, mainly 
on pay-roll and bonus calculations. 
The much larger system which is to 
replace it will take on a wide range of 
work including stock control. 


E.M.I. Electronics 

H.M.S.O. has ordered an Emidec 1100 
for the Admiralty. This will cost over 
£250,000 and is to be installed at the 
R.N. Store Depot, Copenacre, Wilt- 
shire. It will handle stock control of 
90,000 items of electrical, radio and 
Asdic stores for H.M. ships. The com- 
puter will also calculate future re- 
quirements for stores, and record con- 
tracts placed and goods received. 


Leo Computers 

Ford Motor have released details of 
their use of a Leo Mark II at their 
Aveley Parts Depot. During recent 
months it has been used progressively 
in the preparation of customer des- 
patch and invoice documents covering 
demands for over five million order 
items per annum. In addition, it re- 
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cords all these customer demands and 
produces sales statistics to assist in 
establishing future requirements for 
parts. The computer also provides a 
stock control system which checks 
availability of items before preparing 
despatch documents, aggregates the 
stock movements and provides each 
morning an up-to-date record of the 
stock of each of the 46,000 parts. 

A Leo computer has been handling 
the pay-roll of up to 30,000 Ford 
employees weekly for the past four 
years. Delivery is expected this year 
of another Leo to handle Ford's vast 
production and assembly programme. 


1.C.T.-6.E.C. computer 


The new LC.T. 1301 electronic data 
processing system, a fully-transistor- 
ized high-speed (1 Mc/s) business 
machine, is a joint development of 
L.C.T. and GE.C., through their 
mutually-owned company Computer 
Developments. A _ basic installation 
might cost about £65,000 but a com- 
prehensive system employing magne- 
tic tapes and core stores, may well 
cost two or three times this sum. 

In its simplest form it is a fast 
punch-card computer with high-speed 
input and printed output, backed by 
core and magnetic drum storage and 
coupled to a powerful central proces- 
sor. In its full make-up the 1301 is 
a comprehensive magnetic-tape data 
processor capable of applications from 
routine accounting and book-keeping 
to advanced industrial mathematics, 
operational research and management 
control. 


Emidec in production 

E.M.I.’s Emidec 1100 fully-transistor- 
ized computer is now in regular pro- 
duction at a rate of 4-5 a month. 


NEWS ROUND-UP 


SHORT SEXTET. Short Bros. & Harland 

have installed six general-purpose ana- 

logue computers in their Regent Street, 

London, offices. The six coupled com- 

puters shown here are equipped with 

a wide range of linear and non-linear 
units 


E.M.I. policy on computers has been 
not to market them until an entirely 
solid-state system had been developed. 
The 1100 is regarded mainly as a busi- 
ness machine. Orders have been re- 
ceived from Glaxo, Boots, LC.., 
B.E.A. and Kodak, for a variety of 
applications in accounting, stock con- 
trol and production. The system has 
been designed for maximum flexibi- 
lity, a wide range of input and output 
equipment being possible. A recent 
demonstration at the E.M.I. works 
showed the 1100 being used for a 
stock control problem, the ‘permanent’ 
information of the stock record being 
on magnetic tape, and the ‘ change’ 
information being fed in on punched 
cards. 


G.P.S. simulator for Harwell 


General Precision Systems (ex-Air 
Trainers) have built a nuclear reactor 
simulator for the Harwell Reactor 
School. Basically an analogue com- 
puter which represents reactor per- 





DE-CONTROLLED. An electronically-controlled four-high cold rolling mill at 





Habershons’ Rotherham steelworks. Habershons’ was recently purchased from the 
Iron and Steel Holding and Realisation Agency by the Firth Cleveland Group 
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formance in the form of d.c. voltages, 
it has been designed as ‘ student-proof ’. 
A useful feature is that a range of 
simulated reactor power from 0-1 W 
to 1000 MW is covered without a 
break over ten decades of equal sen- 
sitivity. This is possible because the 
reactor kinetic equations are trans- 
posed into logarithmic form. 


ss ielicnenantiodiie I tie 
Automatic tarred macadam plant 


Tarred macadam for roads is now 
mixed under automatic control by 
J. Dawson Fawcett of Darlington. The 
mixers themselves are by Goodwin 
Barsby, and a special control panel 





(illustrated) and much of the control 
equipment is by Brook Motors. The 
basic materials are ten different grades 
of stone, filler, flux, three different 
grades of binder, and water. By means 
of selector switches, process timers, 
weighing dials, flowmeters, and batch 
counters, any specification and weight 
of material can be pre-set on the con- 
trol panel before the operation starts. 

Material is fed from storage hoppers 
in controlled quantities along a con- 
veyor system to the mixer house, 
where it is check-weighed. In case of 
under- or over-weight, the plant either 
stops or the operator is warned so 
that adjustments can be made to keep 
the final material consistent. From the 
check-weigh hopper, the material 
passes to a rotary pre-heater and 
thence into a mixer, where any of the 
pre-set quantities of binder, filler, flux, 
or water is added in a variety of 
sequences and times. After mixing, 
the material is dropped either into a 
wagon beneath the mixer or into a 
storage hopper. The whole continuous 
process is indicated to the operator 
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on a flow diagram on the panel. All 
equipment for controlling the mixing 
plant is situated in a control room 
which overlooks the mixer house, so 
that the operator can watch the auto- 
matic sequence in operation. 


—_——- COMPONENTS —__— 
More semiconductors 


The International Rectifier Company 
(Great Britain) opened their new fac- 
tory at Oxted, Surrey, last month. 
This is adjacent to the Lancashire 
Dynamo (Nevelin) works of the Metal 
Industries Group, who share control 
of the new firm with the American 
parent company. Though only planned 


MACADAM MIXER. 
Tarred macadam for 
roads is produced 
automatically under 
single-operator con- 
trol from this con- 
sole by Brook 
Motors 


a year ago, production of a range of 
silicon diodes and selenium rectifiers 
is well under way. Almost all of the 
manufacturing processes involved in 
making these products, including the 
growing of crystals, are carried out 
at the new factory. Incidentally, 
American International Rectifier was 
responsible for the solar cells which 
power ‘ Tiros’ the U:S. satellite. 


—_—_—~+ MOTOR CARS —-——— 
Telemetry for Bluebird 


One of the many unusual problems 
facing Norris Brothers, designers of the 
new ‘ Bluebird’ car with which Donald 
Campbell will attack the land-speed 
record in the autumn, is that of 
obtaining maximum information about 
conditions in the car during the runs. 
The actual running time in both trials 
and record attempts will probably 
amount to a few minutes only. Origin- 
ally, photographic records of instru- 
ment readings were planned, but 
negotiations are now in progress with 
Armstrong Whitworth Aircraft with 






a view to fitting their 23-channel tele- 
metry equipment using a radio-link. 
Variables of particular interest are the 
pressures and temperatures in the gear 
boxes, and the temperatures of various 
parts of the structure and of the 
Bristol Proteus gas-turbine. Tempera- 
tures in the neighbourhood of the 
exhaust are particularly important, as 
the load-carrying structure of the 
machine is made of aluminium 
‘honeycomb * sheet. This material has 
immense strength/weight ratio, but 
the adhesive which attaches the inner 
honeycomb structure to the outer 
sheets begins to lose strength at 200°C. 


oni I TI ite som 
Mechanical Handling Exhibition 


A large number of working demon- 
strations gave an atmosphere of live- 
liness to this year’s Mechanical Hand- 
ling Exhibition, which was well 
supported by both exhibitors and 
visitors. Few of the exhibits came 
strictly within the field normally 
covered by CONTROL. The number of 
systems for conveying both loose and 
packaged materials, and, the methods 
of transfer from one system to 
another, were impressive. In particu- 
lar, a Teleflex system for transferring 
loaded boxes from a roller conveyer 
to an overhead cable conveyor ap- 
peared ingenious. A link with the pro- 
cess control field was provided by the 
numerous automatic batching and 
weighing schemes, which are now 
available from a number of the bulk 
handling firms. The appearance of solid 
state switchgear, as used in a number 
of automatic handling schemes on 
the Brookhirst-Igranic stand, suggests 
that the mechanical handling field is 
keeping abreast of developments. 


N.P.L. at work 


In the opinion of its Director, Dr. 
G. B. B. M. Sutherland, the National 
Physical Laboratory’s activities are not 
as widely known as they should be. 
The N.P.L. is best known as the home 
of standards, but these, however, are 
the primary concern of only one of its 
nine divisions. 

During a recent visit, CONTROL saW 
much interesting work in progress, 
notably in the erstwhile Control Mech- 
anisms and Electronics Division, now 
renamed the Autonomics Division. 
Work has begun on the programming 
of Ace for the automatic translation 
of technical Russian into English. New 
approaches are being made to the 
problem of automatic recognition of 
numerical characters. The apparatus 
now being developed aims at accom- 
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ll Continuous recording of rapid, transient or oscillatory pheno- 
——— mena is made possible with Kelvin Hughes High Speed pen 

: recording instruments. A wide range of instruments is available 
a including new units which will permanently record up to 8 
variables simultaneously. When used in conjunction with 
special Kelvin Hughes bridge amplifiers and power units, the 
recorders will measure strain, force, displacement, drag, 
pressure, acceleration and similar variables, providing in- 
stantaneous permanent recordings. Rapid response, versatility 
and dependability make them well suited for research work in 
aerodynamics, rockets, hydraulics, computers, and countless 
applications in industry, including civil engineering, mining, 
production testing of motor cars and tractors. 





Ruggedly built and insensitive to external vibrations, Kelvin 
Hughes pen recorders will operate effectively under the most 
exacting conditions in vehicles, aircraft, and where heavy 
industrial plant is operating. 

Please write for technical literature. Kelvin Hughes 
KH specialists are freely available to advise on any particular 


application for single- or multi-channel recorders in 
industry. 


KELVIN HUGHES 


SPECIALISTS IN INDUSTRIAL MEASUREMENT 


KELVIN & HUGHES (INDUSTRIAL) LTD., KELVIN HOUSE, WEMBLEY PARK, MIDDX 
60-72 Kelvin Avenue, Hillington, Glasgow, S.W.2 
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DEEP DOWN CLEAN. Fuel filters 
capable of operation at up to 500 gal/ 
min, and water separators for keeping 
the water content of fuel below 30 
p.p.m., are tested with this filtration 
rig, buile for B.P. by Flight Refuelling 
at Tarrant Rushton Airfield, Dorset 


modating variations in size and shape, 
such as might occur in handwritten 
characters. The same Division has 
produced an adaptive control system 
for application to a distillation 
column. Another aspect of adaptive 
control which is being studied, is the 
possible analogy between human adap- 
tation and that of an_ electronic 
system. 

Photographic methods for the re- 
production of diffraction gratings are 
being developed by the Light Divi- 
sion. These gratings are used — by 
Ferranti and Staveley inter alia, for 
machine-tool control by the Moiré 
fringe method. The N.P.L.’s interest is 
now mainly confined to devising 
means for producing accurate gratings 
at an acceptable price. 

Details of these and the many 
other research projects of the N.P.L., 
are given in the recently-published 
annual report covering the work done 
in 1959. 


staal AM IN 
EF.F.1. Forum at 1.E.A. 


User experience of electronics in indus- 
try was the theme of the Electronic 
Forum for Industry’s conference held 
concurrently with the recent LE.A. 
exhibition (see review on p. 84). The 
conference was in three sessions: data 
processing; factory applications; and 
instrumentation and control. 


Data processing 

K. C. Phillips of Esso Petroleum 
described the use of an IBM 650 which, 
working only five hours a_ week, 
handles the stock control of 50,000 
different stores items at Fawley refin- 
ery. ‘Don’t be frightened of com- 
puters’ was the theme of A. J. Platt 
of Pilkington Bros., who have an 
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L.C.T.202. R. G. Jecks of Legal and 
General Assurance discussed his com- 
pany’s sucessful experience, but des- 
cribed an unusual fault due to an rf. 
ripple which mutilated the contents 
of the store, and also complained of 
dry joints. The use by N.A.A.F.L. of a 
Stantec Zebra in Germany was des- 
cribed by R. T. Eddison. 


Factory applications 

A basic code for electronic machine 
controls was called for by C. T. Smith 
of Dunlop Rim & Wheel, who felt 
that one-off jobs were not worthwhile, 
but for batches of 20-200 numerical 
control offers many advantages. K. 
Teale of Short Bros. & Harland said 
they were considering tape control of 
a three-dimensional profile miller for 
wing skins up to 10 ft wide and 40 ft 
long. Programming is by a Deuce. The 
steel industry is a great user of elec- 
tronics said W. E. Davies of the Steel 
Co. of Wales, but for full benefits to 
be obtained the operator must have 
confidence in his equipment. He 
wanted more co-operation between 
user and manufacturer. Induction 
heating at Ford Motor was the theme 
of a paper by T. A. Coggan. 


Instrumentation and control 

Auto-control is widely practised in 
the petroleum industry according to 
J. M. Keating of B.P.; pneumatic 
instrumentation meets their present 
requirements, although the trend is 
towards electronics because it marries 
more readily with computer systems. 
Biscuit-making was the subject of a 
contribution from C. F. Allister of 
McVitie and Price. He described the 
weighing and mixing of ingredients 
under programmed control using 
punched cards. P. H. Dixon of Peter 
Dixon & Son put the paper-makers 
point is view. Theirs is a continuous 
flow product with controlled speed 
interlocks between machines. Discus- 
sing maintenance, Dixon felt that a 
routine check of valves to detect the 
imminence of failure, was better than 
complete replacement at regular inter- 
vals. Remote control and telemetry 
was the substance of a paper by 
A. Geoffrey Coates of Iraq Petroleum. 
Regarding unattended operation of 
pump stations on oil fields and pipe- 
lines, he summarized requirements as: 
remote control over 5-50 miles— 
opening and closing of valves, starting 
and stopping of motors ; remote super- 
vision—indication at the distant con- 
trol point of valve position etc. ; tele- 
metry—transmission of meter read- 
ings, flow rates etc. ; faults and alarms 
to warn a controller when he must 
take action. 












IN BRIEF 


Fire detection equipment costing £28,600 has 
been ordered from Sound Diffusion (Auio- 
thermatic) by Hoover, Merthyr Tydfil. 
Tantalum capacitors by Fansteel, U.S.A., 
are now marketed in Britain by Plessey. 
Automatic temperature controls by Honcy- 
well Controls have been incorporated in four 
electric-resistance sintering furnaces (eight by 
the end of this year) at the Ardoloy factory 
of A.E.1. (Rugby); they are also to be em- 
ployed on six furnaces for creep-rupture 
tests at Colvilles. 

Semiconductors: Texas Instruments Inc., 
and I.B.M. have agreed to exchange in- 
formation on transistors and diodes for at 
least three more years. 

Actuators by Teleflex Products are to be used 
for the steam-raising plant of the C.E.G.B.’s 
West Thurrock power station. Actuators for 
isolating dampers have been ordered by 
Babcock & Wilcox, and to control fuel im- 
pellers and air-supply dampers, by Evershed 
& Vignoles. 

Graviner Manufacturing’s Industrial Tem- 
perature Control Division is now at 10 
Church St., Staines, Middlesex. 

M.C.P. Electronics Ltd., a joint venture of 
Mining and Chemical Products Ltd., and 
the semiconductor division of Compagnie 
Francaise Thomson-Houston, has _ been 
formed to market and produce the latter's 
products in Britain. 

Standards engineers may become associates 
of the British Standards Institution. Details: 
The Joint Secretary, 1.Prod.E./B.S.1. Com- 
mittee, 2 Park St., London, W.1. 
Extra-pure silicon made according to the 
Pechiney process (Compagnie de Produits 
Chimiques et Electrométallurgiques, Paris) 
by Uclaf Ltd., London, is available from 
Upsil Ltd., Marshgate Lane, London, E.15. 
20,000 water meters have been ordered from 
Measurement Ltd. (Parkinson Cowan) by the 
Capetown Municipality. 

Aveley Electric are the U.K. agents for all 
products of Allen B. Du Mont Laboratories 
Inc., U.S.A. 

Griffin & George are the U.K. agents for the 
Electrotechnik section of Deutscher Innen- 
und Aussenhandel, East Germany. 

L.M. Ericsson Telephone, Sweden: Interna- 
tional Telephone and Telegraph, U.S.A., is 
reported to have sold its 23% holding in 
Swedish Ericsson, 

Ether Langham Thompson (Italiana) Ltd., 
has been formed in Milan to market and 
manufacture the products of Ether, Electro 
Methods, J. Langham Thompson, Datum 
Metal Products, and Automation Systems 
and Controls. 

250 Electronik strip-chart recorders have 
been ordered from Honeywell Controls by 
W. G. Pye (Argon chromatographs) and 
Unicam Instrument (flame spectrophoto- 
meters). 

Component test: Nash and Thompson have 
been approved as a Part III Test House by 
the Director General of Inspection for func- 
tional and performance testing of electronic 
components, including testing under en- 
vironmental conditions. 

Education: the Electrical and Electronic 
Manufacturers’ Joint Education Board 
(B.E.A.M.A., B.R.E.M.A., B.V.A., E.E.A., 
R.E.C.M.F., S.1.M.A., and T.E.M.A.), has 
been set up to co-ordinate educational ac 
tivities in the electrical and electronic indus- 
tries. Details: James Oldroyd, Secretary, 
The British Electrical and Allied Manufac- 
turers’ Association, 36 Kingsway, London. 
Firth Cleveland Instruments are supplying 
the Gilbarco-Firth Cleveland automatic tank 
gauge for 38 tanks at the new Slagen Refin- 
ery for Esso Reffineriet, Norway. 
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computer 


TIME OF STORES PROVISIONING CUT BY TWO-THIRDS 


Without the efficiency of their stores provisioning, G.P.O. tele- 
communications could never be the extremely competent public 
service that they are today. Every one of the 30.000 items stocked 
should be available immediately throughout the vast countrywide 
network; yet, to avoid locking up too much capital, no item must 


be overstocked. 


This is one of the world’s most for- 
midable stock control jobs. With 
their advanced thinking it was 
natural that the G.P.O. should turn 
to electronics to increase their 
efficiency. They chose for immedi- 
ate useanI-C-T 1200series computer. 
This computer has been working for 
a year only, but it has already 
demonstrated its value as a tool for 
controlling a stockholding worth 
£48 million. 

It accurately reviews. thirty 
thousand items each month; indi- 
cates unbalance, excesses and 
shortages, and consistently assists 
in maintaining the stores holding 
at the practical minimum. In fact, 
as Mr. Bevins, the Postmaster 
General, said recently: ‘This com- 
puter has allowed us to cut by 
two-thirds the time taken to obtain 
the key facts we need to keep our 
stock of 30,000 different items of 
engineering stores adequately, but 


not more than adequately, re- 
plenished.’ 


An I-C-T computer 
can help your business, too 


It can make your wires hum faster 
by directly assisting your manage- 
ment and financial accounting, 
production control, or whatever 
your particular problem may be. A 
computer is certainly a major 
investment; but the dividend it 
pays is enormous. 


INTERNATIONAL COMPUTERS 


a 
AND TABULATORS LIMITED ; 


for Britain’s most widely 
used commercial computers 


149 Park Lane, London W1 


Tick No 81 on reply card for further details 










































































































































































































































































































































































A monthly review of system components and instruments 


For further information on any item, circle 
the appropriate number on the reply card 
facing page 194. 


D.C. AMPLIFIER 


for analogue computers 
A high-gain d.c. amplifier consists of a 
main amplifier, with a gain greater than 
3000 at d.c., and cut-off at 1 Mc/s, and 








Side-panels open for easy servicing 


a chopper amplifier, for drift correction, 
with a d.c. gain greater than 1000. Over- 
all d.c. gain is in the order of four 
million. 

The main amplifier has a compound 
cathode-follower output stage, giving an 
output of 100 V at 20 mA, which may 
be operated from unstabilized power sup- 
plies. (If a stabilized heater supply is 
used for the input valves, the long-term 
drift is claimed to be less than 204\ 
peak-to-peak.) Noise-level and hum are 
less than 300 “V peak-to-peak (less than 
100 #V r.m.s.). A.E.1.’s DS 591 amplifier 
requires the following power supplies: 
stabilized h.t. + 300 V and 300 V; un- 
stabilized h.t.+ 300V and 300 V; 
heater supply 12-6 V 50c/s. 

Tick No 530 on reply card 


MOBILE BETATRON 


for non-destructive testing 


A Siemens instrument now marketed by 
Pantak comprises an a.c.-excited electro- 
magnet which is used to accelerate elec- 
trons to a speed approaching the speed 
of light. The flux produced by the field 
varies rapidly in shape from the injec- 
tion stage (when electrons are injected 
from a cathode filament, through four 
following stages of deflexion and trans- 
fer into the magnetic field), a packing 
phase, a distribution phase, and finally a 
phase in which flux is constricted, this 
leading to the emission of electrons which 
strike a platinum target giving rise to 
X-rays of very high energy. 

Exposures for steel 6-8 in. thick take 
only a few minutes, and a 16-in, thickness 
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of steel requires between one and two 
hours. A magnification technique may be 
used with this instrument, which gives 
an image up to three times the size of 
the flaw under inspection. Total weight 
is about 34 tons, power supply required 
is 240 V, 3-phase, 50 c/s. 

Tick No 531 on reply card 


ON/OFF CONTROL 

high sensitivity 
An equipment now produced by Measur- 
ing Instruments (Pullin) has been de- 
signed in conjunction with a standard 
instrument which can have a full-scale 
sensitivity as low as 20 HA, 4500. The 
conventional moving coil system carries 
no extra loading since the flag at the 
pointer tip interrupts a light beam which 
is directed on to a small photo-transistor. 
This operates a heavy-duty relay, rated 
at 3A, 200-250 V a.c., or a double-pole 
changeover switch rated at 3A may be 
provided. It is claimed that the accuracy 


of the instrument accords with BS. 
89/54, and the control sensitivity is 
about =1° 


The design covers an‘ up-sensing * ccn- 
troller with no over-travel, with the pre- 
set control point at approximately f.s.d.; 
an alternative design has a_ pre-set 
point at 5 f.s.d. for *‘ down-sensing ~ 
operation. The two designs may be in- 
corporated in one case for operations in 
which both up and down sensing are 
required. Tick No 532 on reply card 


SERVO GEAR-BOXES 


minimum backlash 
Modular servo gear-boxes are available 
from Reliance Gear with gear ratios up 
to 43,000,000: 1. The basic module is 
the gear-box, constructed to conform 
with DEF 5000, in which up to seven 
shafts are ball-bearing mounted. 
These units are corrosion-resistant, and 
may be provided with torque-l miting 


Meets defence specification 




















slip-clutches and eddy-current § drag- 
dampers. The miniature size—3 in. o.d. 
< 44in. (minimum) — uses gears to 
Admiralty Class 1; the industrial size— 
8iin. o.d. X 10in. (minimum) — uses 
Admiralty Class 2. Higher accuracies 
available to order in either case. 

Tick No 533 on reply card 


CONTROL VALVE 
diaphragm-operated 
Double-beat valves are available for a 
wide variety of conditions. They have 
two diaphragm sizes, 12} in. (maximum 
travel 14 in.) and 154 in. (maximum 
travel 2 in.). Diaphragms are nylon-rein- 
forced Neoprene. Types 15/1 to 15/4 
have ratings of 4501lb/in? at 650°F 
max., 4501b/in? at 800°F max., 750 
Ib/in? at 800°F max., and 750 Ib/in? 
at 900°F max. respectively. Stellited 
stainless steel is used for the internal 
construction of all but the 15/1. 

The DB/15 series is made by British 
Arca, with flanges to British Standard 
tables K, S and T. 

Tick No 534 on reply card 


LOADING CALCULATOR 


for ships cargo 
Based on a Norwegian design, this cal- 
culator is an electric computer built from 





Bridges assist the bridge 


standard sub-assemblies. It uses no 
valves, operating on a bridge-balancing 
system. 

Trim, bending moment, mean draught, 
and maximum shear-stress may rapidly 
be deduced by setting up cargo tonnage 
values for each compartment, selecting 
the information required, and adjusting 
the balance meter to zero. The answer 
is then read directly, and is used to deter- 
mine the optimum distribution of cargo. 

Made by Sperry in three standard 
sizes: up to 12 compartments; 13 to 16 
compartments; 17 to 20 compartments. 

Tick No 535 on reply card 


POWER CONTROLLERS 


for alternating current 


A range of five units by Parmeko have 
maximum power ratings of 1, 3, 5, 8, and 
10 kVA respectively. The control current 
required is 0-S mA d.c., which regulates 
the output from maximum to below 3%. 

Links are provided which set maximum 
output at any of three levels, depending 
on load resistance, and a potentiometer 
is incorporated to provide stepless con- 
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Top Twenty ? 


Just another way of presenting our favourite 

theme song—Ermeto High Pressure 

Flexible Hose—and reminding you that 

our wide repertoire of endings (all happy) 

is now even further augmented by 4 
the introduction of pre-swaged ends in 


f= 


nit OA 


oT 





addition to the re-usable twin saddle type. 
Both types are available with a wide 





selection of end fittings, including 90° 

and 135° bends, BSP male and female 
ends, captive nuts, in addition to the 
straight standpipe end which is suitable 
for use with Ermeto pipe fittings. 
Designed for use with most liquids and 
gases, Ermeto Fiexible Hoses can be 
supplied in unit lengths of up to 6O feet, 
with both single and double wire braiding. 


BRITISH ERMETO CORPORATION LTD 


HARGRAVE ROAD - MAIDENHEAD - BERKS - TELEPHONE: MAIDENHEAD 5100 
A member of the ALENCO Group of Companies 


Tick No 82 on reply card for further details 133 






































































































































































































































































































































































































































trol between the levels. Thus, if the 
maximum output required is less than the 
nominal rating of the controller, it may 
be set prior to operation, and the 0-5 mA 
control signal gives full control from 3 
to the new maximum. 

The input/output characteristic is sub- 
stantially linear, but if non-linear work- 
ing is tolerable the nominal rating may 
be increased by 10°. For an input at 
240 V 50 c/s, the output is 200 V r.m.s 
into a resistive load; power factor at full 
rating is 0-85. 

Tick No 536 on reply card 


ELECTRONIC COMPARATOR 


for accurate gauging 
An electronic gauging tool has four 
ranges, = 0-005, ~0-0005in., and 





Unaffected by ambient temperature 


~0-12, £ 0-012 mm, with an accuracy 
of 0-00001 in. It is claimed that drift due 
to ambient-temperature changes and 
mains fluctuations is negligible. The 
Magna-Gage Mk.2, an improved version 
of Mk.1, uses a probe with an operating 
pressure nominally 2 oz. 

Made by Southern Instruments, who 
also supply a side-acting attachment 
which enables measurements to be made 
perpendicular to the axis of the probe. 

Tick No 537 on reply card 


INTEGRATING AMPLIFIER 


accurate, stable 
An electronic feedback integrator, which 
may be switched to function as a straight- 
forward linear amplifier, is designed by 
Pye for use with instruments such as 
their Argon chromatograph. 

As a linear amplifier, the sensitivity 
is 0-SV full scale which may be in- 
creased to 5V. When used as an inte- 
grator, the maximum sensitivity is 3 volt- 
seconds, full scale, which may be de- 
creased to 3000 volt-seconds. Accuracy is 
quoted as better than + 2%, and linear- 
ity better than + 1%. Zero stability is 
better than + 3 mV over an eight hour 
period. 

The output may be switched either to 
current or voltage, depending upon the 
input impedance of the indicator or re- 
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corder which the unit is feeding. Power 
supply required for the standard model 
is 200-250 V, 50c/s. 

Tick No 538 on reply card 


SATURABLE REACTORS 


in wide range 
Produced by Haddon, in what is believed 
to be the first comprehensive standard 
range in the U.K., are saturable reactors 
with ratings from 1 kVA (approximately 
15 W d.c. control power) to 300 KVA (ap- 
proximately 950 W d.c. control power). 
The 26 basic ratings are designated 
SR410 to SR435; line voltage and d.c. 
control voltage are designated by suffixes 
to the rating code. The former are A-D, 
representing 200-225, 225-250, 350-390, 
and 390-440V a.c., respectively; the 
latter W-Z, representing 12, 24, 90, and 
180 V d.c., respectively. Thus any of 416 
available types may be indicated by a 
seven character code. 
Tick No 539 on reply card 


VOLTAGE REFERENCE 


two 100-V outputs 
A reference supply consists of two stable 
power-supply sub-units with drift-cor- 
rected feedback control, a Weston cad- 
mium-mercury cell being used as basic 
reference. The feedback control com- 
pares the cell voltage with a fraction of 
the negative supply, any error voltage 
being amplified and applied as a correct- 
ing signal to the stabilizing valve of the 
negative supply sub-unit. The positive 
output is stabilized by reference to the 
corrected negative supp'y via a summing 
network and amplifier. 

Long-term accuracy and stability is 
claimed to be better than 0-1% for the 
negative output; the positive output may 
be set to within | mV of the negative 
and will remain within SmV. D.C. 
source-impedance is less than 0-05, 





Computer supply 


with ripple and noise less than 15 mV 
peak-to-peak. 

Available from Solartron. the AS 
756.2 works from standard 50-c/s mains 
supply and weighs about 25 Ib. 

Tick No 540 on reply card 


PARA-VISUAL DIRECTOR 


readily visible 
Designed by Smiths Aviation for use in 
air-navigation, this indicator provides 








Positive but unobtrusive indication 
positive information in a form which is 
immediately apprehensible but not dis- 
tracting. The display unit contains a 
cylinder painted in black and white heli- 
cal bands, a longitudinal part of the 
cylinder being exposed through a long 
narrow window in the instrument case. 
When the cylinder is stationary, the 
window displays a static pattern of black 
and white diamonds which is not obtru- 
sive. When the cylinder is rotated the 
pattern moves along the window and 
provides a dynamic display which com- 
mands immediate attention. The direc- 
tion of pattern movement depends, of 
course, upon the direction of rotation of 
the cylinder. 

The cylinder is driven by a motor, and 
a coupled tacho-generator provides a 
feedback signal such that the speed of 
rotation of the cylinder is dependent 
upon the applied signal. The units have 
integral lighting, and a shutter which 
automatically closes the window should 
the power-supply fail. Supplies required 
are 115 V, 3-phase, 400 c/s, and 28 V d.c. 

Tick No 541 on reply card 


SOLENOID VALVE 


variable-speed action 
Developed from their range of solenoid 
valves for low-pressure town gas is the 
Ether LPG range of delayed-action sole- 
noid valves. Opening and closing times 
may be varied independently between 
zero and 15 seconds. The delaying effect 
is obtained by two dashpots, using the 
gas in the line as the damping medium; 
adjustments to opening and/or closing 
time may be made before of after instal- 
lation. 

Valves are available in three sizes: 

1, 14 and 2in. Tick No 542 on reply card 


ANALOGUE COMPUTER 


for on-line control 
An inexpensive analogue computer, de 
Havilland’s Anatrol, is designed for on- 
line process control. 

A minimum number of computing 
amplifiers and multipliers are formed 
into an arithmetic unit, which is then 
used to provide a step-by-step solution 
of the equations, according to a pre- 
set programme in which each step is 
selected sequentially by a switch system. 
‘Short’ stores are used to retain infor- 
mation on the result of a step in the 
solution, this data being used in a later 
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PF | Switching Transistors 
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"New for Controf 


stage of the computation. ‘ Long’ stores 
are used to clamp the outputs at the last 
computed figure while fresh values are 
being determined. Up to a maximum of 
twenty-five steps is available, which is 
claimed to give the computer the poten- 





For on-line control 


tial of a machine employing at least 
seventy-five computing amplifiers and 
twenty-five multipliers. 

A built-in self-checking facility pro- 
vides an alarm signal for errors greater 
than 1%. 

Tick No 543 on reply card 


QUICK LOOKS 


Teleprinter. A unit designed so that it 
may be used as an input/output mechan- 
ism for computers is available from 
Creed and Co. Operating speeds are 100, 
75, 66 or 60 words/min. A re-perforating 
attachment may be fitted, so that data 
is punch-coded simultaneously with 
printing. 

Tick No 544 on reply card 


Sight flow indicator. Rhodes model 400 
flow-indicator uses a nylon spinner which 
is observed through a heat-resisting glass 
dome. Positive indication of flow com- 
mences at 6 gal/h; maximum fluid pres- 
sure in the line is about 40 Ib/in.2 Avail- 
able with nominal bores between 4 and 
1 in.; ends may be threaded to suit cus- 
tomers’ requirements. 

Tick No 545 on reply card 


Machine tool control. A range of posi- 
tion and sequence control equipments is 
now available from G.E.C. Both systems 
use ‘logic boards’, transistor printed 
circuits, and cold cathode valves. A des- 
cription of the prototype may be found 
on page 110 of CONTROL, October 1959. 

Tick No 546 on reply card 


Toroid winding machine, The Gorman 
model 600, now available in the U.K.., 
has a variable winding speed of 0 to 
1200 turns/min. It will handle wire be- 
tween 27 and 48 s.w.g. Range of core- 
sizes allows a minimum finished i.d. of 
0-055 in., and a maximum o.d. of 2 in. 
with a maximum height of 1 in. Eleven 
shuttles ranging from 0-055 to 0-375 in. 
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may be obtained for this machine, Mar- 
keted by Aveley Electric. 
Tick No 547 on reply card 


Adjustable filters. Using a conical filter- 
plug, the filtration range may be adjusted 
with the filter in use. Standard models, 
available from I.V. Pressure Controllers, 
cover ranges of 6 and 11 microns; work- 
ing presures are of the order of 4500 
Ib/in?. Tick No 548 on reply card 
Digital display units. Characters 3} in 
high by 2in wide may be displayed on 
these Series 80,000 in-line units. Made 
by Counting Instruments, who claim that 
single characters may be seen from a 
wide angle of viewing from over 100 ft 
away. Tick No 549 on reply card 


Silent counters. An electric counter by 
Trumeter, using a step motor, is said to 
be silent and to operate at speeds up to 
3000 counts per minute. The standard 
model, operating from 110-230 V a.c. or 
d.c., is panel mounting, and has a maxi- 
mum count of 999,999, 

Tick No 550 on reply card 


Galvanometric recorders. Flush-mounting 
models by Texas for panel installation 
have recently been introduced. They 
are available in single and dual-channel 
models, have swing-out chart carriages 
and a slide-out chassis for extra accessi- 
bility. An adjustment is provided for 
zero settings over the entire scale, as well 
as zero suppression above or below scale. 

Tick No 551 on reply card 


Carrier-shift transducer system. Now in 
prototype form is a system which may 
be used to measure and record a wide 
variety of parameters. The equipment, 
made by Bel Sound Products, consists of 
a transducer and electronic unit, the d.c. 
output of which may operate recorders, 
indicators, etc. 

Tick No 552 on reply card 


Aluminium-foil coils have the advantage 
of saving up to 50% weight where they 
are used instead of the more normal 
copper coils. Venesta now offer coils 
fs-164 in. long, and 14-19in. o.d., and 
conductors with cross-sectional-areas 
from 0-005 to 0-168 in?. 

Tick No 553 on reply card 


Resistors claimed to have guaranteed 
temperature coefficients of 0-0003%, /°C in 
the range 0-100°C are made by Alma 
Components in 1, } and } W ratings. Re- 
sistances are supplied to order in the fol- 
lowing ranges: 1 W, 100Q2—300 kQ; 4 W, 
1002—120 k2; $W, 1002—80 ka. 

Tick No 554 on reply card 


Low-flow indicator, Model 180 is an 
addition to the range made by Liquid 
Systems, and is designed to give positive 
indication when the flow rate exceeds 
1/6 pint/min. It may be set by the 
makers to other levels if required. 

Tick No 555 on reply card 












INDUSTRIAL 
PUBLICATIONS 


Mechanical packings for control valves 
are illustrated in a leaflet from Crane 
Packing. Tick No 556 on reply card 
Boiler test indicator. Publication 365 
from George Kent gives a short specifi- 
cation of their ‘Commander’ indicator. 

Tick No 557 on reply card 


Automic Control gear. A comprehensive 
catalogue from Simplex including con- 
tactors and motor starters up to 600A 
rating. Tick No 558 on reply card 
Timers. A data sheet (TR-issue 3) from 
Elcontrol shows timers, delay switches 
and sequence control panels. 

Tick No 559 on reply card 


Transistors. Application notes on their 
range of transistors from Newmarket. 
Tick No 560 on reply card 


D.C.-motor speed-control. Variac controls 
for fractional to 1-5 h.p. d.c. motors are 
illustrated in leaflets 6003/2 from Claude 


Lyons. Tick No 561 on reply card 


Process control equipment by Dewrance 
is shown in their leaflet on the Microsen 


range. Tick No 562 on reply card 


Reactor computers and simulators are 
shown in an illustrated brochure from 
Miles Electronics. 

Tick No 563 on reply card 


Temperature measurement. Catalogue 
No. 182 from James Gordon details a 
wide range of indicating and recording 
instruments. Tick No 564 on reply card 


‘Introducing data processing’. A_ short 
explanation of fundamentals from I.B.M. 
Tick No 565 on reply card 


Conveyer and V-belting are shown in 
two illustrated catalogues from Turners. 
References BA73 and BPV3 respectively. 

Tick No 566 on reply card 


Silicon rectifiers for high powers are 
illustrated in a pamphlet from Lanca- 
shire Dynamo Nevelin. 

Tick No 567 on reply card 


Digital computers. An index of Ferranti 
computer literature, list No. CS 261. 
Tick No 568 on reply card 


Silvered mica capacitors are described 
in a Johnson, Matthey booklet, publi- 
cation No. 1461. 

Tick No 569 on reply card 


Flow-measurement, Instruments for indi- 
cating, and/or recording, and/or control- 
ling are listed in publication 988 by 


George Kent. Tick No 570 on reply card 
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Claude cee “On plant” mercury-in-steel 

ply card & j air-operated proportional tem- 
‘ & Sat See perature controller. 

ewrance bs = Publication No. R39 
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ply card 
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ply card 


A short **On line” air-operated receiving 
1 1.B.M. controller, Publication No. R31 


ply card 


own in 
Turners. 
ectively. 
ply card 
ers are Mercury-in-steel air-operated temperature transmitter 
Lanca- with Polyester resin glass-fibre cover, stainless steel base, stem and 


ply card bulb. Publication No. T39. 


Ferranti High thermal response. Wide range of temperatures. 


a : -™* Standard output air pressure, 3-15 p.s.i. Small and compact. 
ply car 


—_ I NEGRETTI & ZAMBRA 


ply card = 
The name that means precision all over the world 
‘or indi- 


control- NEGRETTI & ZAMBRA LIMITED 


988 by 
ply card 122 Regent Street, London W.1 


1960 CONTROL june 1960 Tick No 84 on reply card for further details 





























































































































































































































































































































Circuits 


Handbook of Electronic Control Circuits by J. Markus. 
McGraw-Hill, 1959. 347 pp. £3 6s. 


This book is unusual in that it contains only extracts from 
the American journal, Electronics. Its raison d’étre lies, there- 
fore, in the selection, editing, and cross-referencing of the 
material. The book is well produced, but the size, 8 in. X 11 in., 
is perhaps inconvenient for some bookshelves. However, the 
three-column page lay-out does enable one, in general, to use 
a description and circuit diagram on the same page. 

Some 250 circuits, complete with diagrams and in most 
cases all the component values, are grouped into 21 sections, 
together with an author index and a useful cumulative sub- 
ject index, which also gives references to the companion books 
— Handbook of Industrial Electronic Control Circuits’ and 
‘ Handbook of Industrial Electronic Circuits *. 

It is not easy to equate such a montage of application cir- 
cuitry with a normal textbook or reference volume. It would 
appear to have most use in development work, both in indicat- 
ing what has already been employed and as a source of fresh 
ideas for other applications. R. J. REDDING 


Optimization 

Economic Control of Interconnected Systems by Leon K. 
Kirchmayer. John Wiley & Sons Inc. 1959. 207 pp. £5. 

The main title of this book might be thought to indicate a 
very general content: the words, ‘economic’, ‘control’, 
‘systems’ and ‘ interconnected’ could be relevant to all sorts 
of application, real and potential, of automatic production and 
control. In fact, as the sub-title optimum economic operation 
of utility systems indicates, it deals with one class of applica- 
tion in detail, namely the operational control of electric power 
distribution on multiple networks, from a diversity of power 
sources to a diversity of consumers. 

The treatment is advanced. Leon Kirchmayer, of the U.S.A. 
General Electric Company, is among the leading authorities 
in the field; this is one of the few books to appear on the 
subject, and anyone concerned with advances in design, and 
ultimately in operation, of ever-growing power generation and 
distribution should be aware of the basic knowledge embodied 
in this book. It is based on a course given to General Electric 
power-system engineers, and, as such, deals with the tools 
for development of optimizing computer controllers, primarily 
with reference to ‘on-line’ operation in electric power supply. 
These include methods for estimating dynamic performance 
of components, formulating mathematical system-operation 
models, advanced matrix and other methods applicable to the 
system equations, and establishing continuous optimal control 
on the basis of the computed solutions, optimizing in terms 
of delivered-power costs. The treatment stems from a given 
basic relation between incremental power costs from indivi- 
dual sources and total system cost. The chapters dealing with 
the main topics seem to give rather separated treatments, and 
some background knowledge of control of the individual sys- 
tem elements must really be assumed to assimilate the work 
well. For this, extensive reference is made in the book to the 
author’s previous works, and others, on controlling and com- 
puting equipment developed for individual district distribution 
systems. 

One gains the impression, biased also by other accounts of 
practice, that the schemes described are as yet some way from 
really widespread use, even in the U.S.A., and that rather 
few fully established examples could actually be given. But 






138 







it is to be expected that power systems will extend in the 
way implied by the treatment given in the book, and on these 
lines, so knowledge of its content and treatment would seem 
indispensable to the power-industries control-engineer con- 
cerned with development. 

To those concerned with automatic control for other kinds 
of industrial production, and particularly in the process indus- 
tries, the interest of the book is perhaps to be found at a 
more fundamental level. In other industries there are many 
important problems of measuring the duty imposed on the 
control systems, and of measuring the characteristics of the 
process units and the system, which put difficulties in the way 
of a quantitative approach to economic design (either of 
control systems or of plant assemblies). These difficulties do 
not appear to be felt so acutely in electric power generation. 
Although effective and thorough resolution of these difficul- 
ties will demand work in fields not dealt with in this book, 
some analogy to the economic treatment used must ultimately 
be evolved. For this, the methods followed for the electric 
power ind*istry in the introduction of on-line computing are 
worthy of study as one of the possible starting points for 
investigation of other applications. D. W. GILLINGS 


Instruments 


Laboratory Instruments by A. Elliott and J. Home Dickson. 
Chapman & Hall : London. 1959. 514 pp. £2 15s. 

This book, which was first published in 1951, has now been 
completely revised, and much material has been added for this 
second edition. The title, however, has not been changed, and 
this may cause some confusion. The book deals particularly 
with optical instruments, and although there is much useful 
information on the design and production of mechanical com- 
ponents, the general subject of ‘ Laboratory Instruments’ is not 
dealt with. 

The early chapters are concerned with the accuracy obtain- 
able in machining operations, properties of materials, casting 
and joining of metals, preparation of drawings, constrained 
motion, magnification of small displacements, sensitivity and 
error of instruments, damping, and tests for straightness, flat- 
ness and squareness. The later chapters dwell more specifically 
on optical instruments. 

Well printed and illustrated, it is essentially a book for the 
designer, and is packed with useful practical information, 
including much graphical and tabular data. DENIS TAYLOR 


Literature Received 


Analogue and Digital Computers. Advisory Editors: A. C. D. 
Haley and W. E. Scott. George Newnes Ltd. 1960. 308 pp. £2 2 


Design of Documents by Lancelot Hogben and K. W. Cross. Mac- 


donald and Evans. 1960. 88 pp. £1 15s. * 702 
Progress in Automation, Edited by: Andrew D. Booth. Butterworths 
Scientific Publications. 1960. 231 pp. £2 2s. * 703 


Convegno Internazionale sui Problem Dell’Automatismo. Consiglio 
Nazionale delle Ricerche. 1958. 2380 pp. $35°00. * 704 


Fluid Power Control by John F. Blackburn, Gerhard Reethof and 
J. Lowen Shearer. John Wiley & Sons, New York: Chapman & Hall, 
London. 1960. 710 pp. £7. * 705 


Electronic a. — and Systems by S. J. Mason and H. J. 
Zimmerman, Wiley & Sons Inc., New York: Chapman & Hall, 
London. 1960. 616 pp. £5. * 706 


noe on the Education and Training of the Professional Radio 
Electronics Engineer. Brit.1.R.E. 1960. 3] pp. * 701 


Relay Protection of High Voltage Networks by G. I. Atabekov. 
Pergamon Press. 1960. 564 pp. £4 4s. * 708 


Resistance of Sheet Insulation to Surface Discharges by J. H. Mason. 
E.R.A. Publication. 1958. 44 pp. 15s. * 709 


Regulations for the admission of Student, Graduate and Corporate 
Members and for the examination of the Institution, /nstitution x 
Chemical Engineers. 1960. 27 pp. * 7 
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% Tick the relevant number on the reader information card facing page 194 
for further information, 
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BUYERS’ 


The gearbox 






GUIDE 





TO MANUFACTURERS AND SUPPLIERS 


is the very heart 
of a metering pump 











This Varistroke Gear Box is used in the Metripump type ‘M” 





and Metripump ‘G’ in both ranges of which a wide variety of The CONTROL BUYERS’ GUIDE for 1960 lists more than 

pump heads is available. By reducing the maximum delivery 1200 firms manufacturing every .kind of control system and 

pressure as the ram diameter—and thus the capacity—is | component. Published annually it is your quick reference 
increased, an even load is maintained on the gear box. All book for addresses and control engineering components. 


working parts are totally enclosed in the Varistroke Gear Box 







and operate in an oil bath so that no external lubrication is 


required. If you would like to know how profitable the right Please send me the Control Buyers’ Guide, for which | 


kind of metering pump can be, ask us to send a representative enclose 3/6 + 6d postage and packing. 


who will explain the advantages quickly and lucidly. 









May we send you Publications No. 112 and No. 102. 


NAME 





ADDRESS 


MekeringPumps = 
[Lanmitec! ROWSE MUIR PUBLICATIONS LTD 


21 THE MALL, EALING, LONDON, W.5. THE ROWSE MUIR BUILDING, 
Telephone: EALing 6264 (PBX) CHARLOTTE STREET. LONDON, WI 
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specially designed magnetic memory stores each 


capable of holding 500 


000 bits of information. Altogether 


the figure 


this equipment scans, tabulates and discriminates between 


, 


more than 7,000 points measuring temperatures 


pressures, flows, radio-activity counts and other information 


vital to effi 


cient plant operation. 


If you would like to discuss data processing with engineers 


please contact 


conversant with plant control problems, 


of fully 


to date, 
industrial data processing 


—the total 


s Control Contracts Department, 


Proces 


units produced by AEl 


instrumentation Division. 


AE]l Instrumentation Division. 


ivision 


instrumentation D 


Harlow 25271 


Associated Electrical industries Limited 


P.O. Box 1 Harlow Essex 


Tick No 86 on reply card for further details 


1960 


CONTROL June 
















JLT 


instruments 
for 





. 
‘ 
\ 
x 
\ 








YYjyyyyyjyyf/YY OLLI 


y MMW VM MUM YY WOMMMU > je 














FREQUENCY METER 


Series 1795 Mark Il 


The only digital Frequency 
Meter with additional 


remote indicator facilities 





@ Brilliant neon digital display is clearly readable 30 feet away. 





@ Maximum counting speeds of up to 10 kc/s (4 digits) or 


100 kc/s (§ digits), to an accuracy of + 1 count, + 0.005%. 
g cy of + = 


@ When used in conjunction with a magnetic or photo-electric 





pick-up gives direct readout in revolutions per minute. 


J. LANGHAM THOMPSON LTD. 


BUSHEY HEATH - HERTFORDSHIRE 
Telephone: BUShey Heath 2411 (6 lines) Grams: Tommy Watford. 
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THE GILBARCO FIRTH CLEVELAND TANK 
GAUGE is a highiy sensitive electronic device for local 
and remote indication of the level of liquids—or liquid 
interfaces—in deep tanks of all shapes and sizes. It gives 
continuous readings of level for liquids of any specific 
gravity and it is accurate within a few thousandths of an 
inch—this is particularly important in tanks with a large 
free surface area. 

The instrument is suitable for use in hazardous areas 
and in extreme temperatures and it will operate data 
reduction or logging equipment. One remote indicator 


~ 


ie, 


aH SI SIiIHL 


a 
: 
: 
2 
a 


CECB S 


>>>) 


can be arranged to show the contents of up to 30 tanks 
in turn. 

Routine maintenance can be carried out without taking 
the tank out of service. 

These gauges are available to American Class 1 Group D 
Division 1 classification. We are shortly producing them 
to meet Buxton flameproof requirements. 

The range of Firth Cleveland Instruments includes 
Electrical, Mechanical and Hydrostatic Tank Gauges, 
Pressure Operated Switches, and Pressure Relief Valves. 
We shall be happy to send you full particulars. 


Made under licence to Gilbert and Barker Mfg. Co., U.S.A. For full details write to: 


FIRTH CLEVELAND INSTRUMENTS LTD 


Ome HOUSE, CLEVELAND ROW, LONDON, S.W.I. TELEPHONE: WHITEHALL 2 166 


A MEMBER OF THE FIRTH CLEVELAND GROUP 


Branches: BIRMINGHAM - 
JOHANNESBURG 


* BRUSSELS - MANNHEIM and NEW YORK. 


MANCHESTER + STOCKHOLM ~- COPENHAGEN ~- BALLARAT ~ SYDNEY 
* NAARDEN ~- MILAN 


i ¢@ @ € 2 @ 6 '°O' Ss © S's 


CRC 29G 
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Plessey excels in producing small mains transformers. For 
many years Plessey has been designing and making trans- 
formers for a cost (and quality) conscious market, with the 
result that immense capacity exists for the manufacture of 
commercial, industrial and electronic transformers. 


Plessey transformers, ranging from transistor types up to 
those rated at 2kVA, can be produced quickly, reliably and 
economically. 


Here is a transformer service that can solve at least one 
component problem for you—Plessey most probably can 
solve many more. Publication No. 998 tells you more 
about us—may we send you a copy ? 


with quality 


— ¢ 6S 66 8 8 2 eS O'S 6 OS EH. OO OO FE OC O'S Se 6 SSeS SOE Oo 4:68 SOS O'S CO EAH O22 OS OOS 


Plessey 








Components Group 
THE PLESSEY COMPANY LIMITED 
New Lane - Havant - Hants - Telephone: Havant 1701 


Overseas Sales Organisation 
PLESSEY INTERNATIONAL LIMITED 
Ilford - Essex - England - Telephone: Ilford 3040 
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The practical application of imaginative 
thinking, based on tested principles, has 
produced, in Winston Electronic Equip- 
ment, a range of instruments that matches 
the rapid advance of industrial methods. 


Sub-Contract 


Full sub-contract facilities for the development and manu- 
facture of Electronic Equipment and Sheet Metal Work. 
Coil Winding Facilities. A.1.D. and A.R.B. Approved. 





TEMPERATURE 
CONTROLLER 

The Winston/United Steel 
Temperature Controller 
provides accurate control 


of temperatures over any © 


required period and its sta- 
bility is such chat it will 
hold a furnace at a preset 
temperature (for example) 


of 1000°C to within plus or — 


minus } °C. 


IN ADDITION TO THE ITEMS FEATURED THE WINSTON 


L. BAND SIGNAL 
GENERATOR 
Frequency Range 800- 
2100 Mc/s in one band; 
single-dial control 
directly calibrated to 
+ 1% 

Frequency Stability 
warm-up drift <.2% am- 
bient drift <> .003% 1°C. 





RANGE OF ELECTRONIC EQUIPMENT INCLUDES :— 


Semi Decade Oscillator 
Capacitor Boxes 


“L” Band Spectrum Analyser 
“S” Band Spectrum Analyser 


Valve Voltmeter 
Transistor Curve Tracer 
Transient Oscillograph 


Beckman Helical Precision 
Potentiometers 

Turns Counting Dials 

Shockley Diodes 

Sub-Contract Facilities 

Sheet Metal Work 

Standard Metal Cases 


SPECIFICATION: 


Range 

Zero Resistance 
Accuracy 
Maximum Current 


Terminals 
Mounting 
Finish 


Winsor 
DEGADE 
RESISTOR 
BOXES 


100 ohms to 111,000 ohms. 


10’s decade 100 mA. 
100’s decade 35 mA. 
1000’s decade 


10 mA. 


Metal case and panel. 
Blue hammertone case. Black and 
silver photoetched panel. 


PRICE £13.13.0. 





BECKMAN/BERKELEY 
frequency and 
timing instruments. 
Frequency range of | Mc 
or 10 Mc/s with extension 
facilities to 110 Mc/s, 220 
Mc/s, 1000 Mc/s and 15,000 
Mc/s. 


X-BAND SPECTRUM 
ANALYSER 
Frequency coverage 
8,600/10,000 Mc/s. 
Absolute Frequency 
Measurement 1 Me/s. 
Relative Frequency Meas- 
urement + 250 Ke/s. 
Sensitivity minus 85db 
relative to ImW at the 
input. 


Write for full particulars of facilities available and catalogue 
of Instruments and Electronics, to:— Dept. C 


ELECTRONICS LIMITED 








INSTRUMENTS — COMPONENTS — PRODUCTION FACILITIES 


GOVETT AVENUE, SHEPPERTON, MIDDX. 
Telephone: Walton-on-Thames 26321/5 
Telegrams: Winston, Shepperton 
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LOOKING FOR FLUIDS—with exceptional thermal stability—fluids that are water-repellent 
and retain good dielectric characteristics over a wide range of temperatures — that 
resist oxidation—have low volatility and show little change in viscosity with temperature 
—are ideally suitable for use in damping mechanisms—as heat transfer media—and for use 
in hydraulic, springing and coupling devices—GET THEM FROM MIDLAND SILICONES. 


Remempber—Midland Silicones Ltd have consistently set the pace for British progress 
in this fast developing field. Remember, too, that-while silicones cost more initially—this 
extra outlay is more than offset in terms of greater efficiency and long term economy. 


MIDLAND SILICONES LTD 


( Associated with Albright & Wilson Ltd and Dow Corning Corporation) 


first in British Silicones 
68 KNIGHTSBRIDGE - LONDON - SW1 - TEL: KNIGHTSBRIDGE 7801 


Area Sales Offices: Birmingham ~- Glasgow - Leeds: London~ Manchester - Agents in many countries 
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NAME 
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Contactors 
and Contactor Starters 
‘Type MK’ 


* 


Complies with rele- 
vant British Standard 
Specification (fre- 
quent duty). 













* 


Clamp type solderless termi- 
nals for rapid connection. 











* 


Modern design gives 
robust yet simple 
construction com- 
bining reliability in 
service with excep- 
tionally long operat- 
ing life. 


+ 


Contact carriers moulded 
from arc resistant, non-hygro- 
scopic material with internal 
phase barriers. 






































* 


Complete range of thermal 
overload units available. 























* 


All parts readily accessible 
for easy installation and 
inspection, 














* 


Can be supplied as shown or 
fitted in wall mounting steel 
or Cast Cases. 






* 


Silvered contacts for maxi- 
mum life and minimum 
maintenance, 





ee oe Sk 


MK3 Contactor 






MK Contactors 
are available from stock in 15, 25, 60 and 100 ampere ratings for a.c. 


Control Coils 
can be supplied for a wide range of a.c. and d.c. voltages. 
Write for Auxiliary Contacts 
* can be fitted to all sizes of contactors, 
Technical Leaflet 


For long and trouble-free operation specify L.D.N. Contactors. 
LS 2510 


LANCASHIRE DYNAMO NEVELIN LTD 


(SWITCHGEAR DIVISION) 


HURST GREEN, OXTED, SURREY. Telephone: OXTED 3361. Telegrams: NEVELIN OXTED 
A Member of the Metal Industries Group of Companies 









co 
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announce the G- PAC MK II 
GENERAL PURPOSE ANALOGUE COMPUTER 


Tames Eas aun COMPUTER 


The G-PAC MK If GENERAL PURPOSE ANALOGUE COMPUTER is 
the choice of the discerning engineer in all fields of industry for the solution of 
complex problems. 


In the Chemical Engineering field. 


* STABILITY STUDY OF DISTILLATION AND FRACTIONATING COLUMNS 
3% SIMULATION OF PROCESS CONTROL IN CHEMICAL PLANT 

% STUDY OF REACTION AND DIFFUSION PROBLEMS 

# HEAT TRANSFER 


are examples of the wide range of applications in which G-PAC Mk II can considerably reduce 
days of tedious design study to hours. 


For advice on problems—the long experience of the ELLIOTT ANALOGUE 
COMPUTING SERVICE is available to customers. 


Enquiries should be addressed to: 


PANELLIT LIMITED, Elstree Way, Borehamwood, Herts 
Ly A member of the Elliott-Automation Group Tele phone: Elstree 2040 
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JONES-TATE 


PRESENT 


NO OTHER ACTUATOR 
provides these STANDARD 
FEATURES :— 


WEATHERPROOF 

NO FIRE HAZARD 

Unit does not run in oil bath 
MINIMUM OVERHANG 

NO RESTRICTION ON 
INSTALLATION ANGLE 

SEATING THRUST controlled by 
sensitive TORQUE SWITCH 
AUTOMATIC TRANSFER 

Power drive to Handwheel and vice versa 
REPETITIVE HAMMERBLOW 
HIGH EFFICIENCY SPUR GEARING 


ANY VALVE ANY SIZE ANY ANGLE 


Rising or non-rising spindles - Stem Diameters up to 44’ 

Valve spindle torques from 60-3500 Ib. /ft. at 24 r.p.m. 

Thrusts from 12,000 to 150,000 Ibs. - Air or natural gas operation 
Also available flameproof-weatherproof versions 


Years ahead for years to come!—Send for full technical details 


JONES TATE AND COMPANY LTD. cowision oF vewnancey 


VICTORY WORKS, EAST PARADE, BRADFORD Tel. BRADFORD 28348-9 Grams. VALVE, BRADFORD 
LONDON OFFICE: 165 Great Dover Street, London, S.E.1 Tel. HOP 3100 
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DAVY-UNITED INSHUMENMS IN OPERATION 


a= a_i | oe ee 


2 
nd 





( Photograph by courtesy of the Distillers Company Limited.) 


Weighing Liquid Chlorine 


Illustration shows the weighing of two 14-tons capacity liquid Chlorine 
storage tanks using three type ‘B’ Toroidal Loadcells 
under each tank. 





TSU A «~=DAVY-UNITED 





— DAVY AND UNITED INSTRUMENTS LIMITED, DARNALL WORKS, SHEFFIELD, 9 
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Pelapone, backed by long 
experience in Automatic 
Rotating Plant, are able to 
offer Control Systems of 
high accuracy to meet 
specific requirements. 
integrated Control 
Systems can be designed 
to cater for a wide range 
of inter-dependent Plant 
including mimic diagrams 
and remote indication 
units. 


7 
% 


i 


HERE...THERE...EVERYWHERE 


PELAPONE LIMITED 


Sales Division: 38/40 Bruton Street, London W.1. 
Cables: “ Pelapone-London.”’ Telephone: MAYFAIR 2034. 


Works: Slack Lane, Derby. 
Grams: ‘‘ Pelapone-Derby.’’ Telephone: DERBY 45436. €A257 
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Potentiometric recorders for research and industry 


These high-speed Potentiometric Recorders 
are continuously self-balancing, use electronic 
power amplification and motor drive. 

The chart, which is 10” wide, can be traversed 
in 2 seconds (1 sec. to order). Single or 
multitrace (2, 4, 8, 16) models are available, 
the latter with § or 15 seconds printing 
interval. High sensitivity: instrument 

responds to signals of less than 1 microvolt. 
Ranges: from 500 microvolts for single-point, 
1 millivolt for multi-point models. But much 
more can be learned from Technical Publication 
2042 from Instrumentation Division, Associated 
Electrical Industries Limited. 








instrumentation Division 
P.O. Box 1 Harlow Essex Harlow 25271 


Associated Electrical industries Limited 





CONTROL June 1960 Tick No 97 on reply card for further details 






























Tick No 98 on reply card for further details 


Relays to specification 


POST OFFICE 
TYPE 3,000 
AND 600 RELAYS 


A NEW DEVELOPMENT — illustrated 
here is our P.O. Type 3,000 Relay 
with sixteen changeovers with Light 

Duty Silver or Platinum Contacts. 

P.O. TYPE 600 RELAYS with Heavy Duty 
Contacts rated at 8 amps. also available. 
Complete range of both types manufactured 
to specification. Prototypes 24 hours. 
P.T.F.£. insulation now available. 

Specialists in TROPICAL FINISHES. 
Guaranteed to full A.1.D. 

and 1.€.M.£. standards. 


Approved by the Admiralty, 
Post Office and U.K.A.E.A. 
All relays guaranteed made 
in our own works. 





Manufacturers to H.M. Government Departments and leading Contractors. 


L. E. SIMMONDS LTD., 5, BYRON ROAD, HARROW, MIDDX. TEL: HARROW 7797/9 TELEGRAMS: SIMRELAY HARROW 


ELECTRO MECHANICS 


EARLY OCTOBER 


CONTROL's first INDUSTRY GUIDE AND DIGEST 
will be published. As well as summarizing the 
year’s new and important control systems, 


components and instrumentation, 





it will include a revised and enlarged 
Buyers’ Guide, and the first-ever specialized 


Who's Who 


in the field of control engineering. 















PLICATIONS 


FOR ADVERTISING RATES AND SUBSCRIPTION DETAILS 
WRITE OR PHONE 
ROWSE MUIR PUBLICATIONS LIMITED 


THE ROWSE MUIR BUILDING, 77-79 CHARLOTTE ST,, 
LONDON W.!I. MUSEUM 8252 








BUYERS’ GUIDE 
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iy pk Gam £300 NCE OF HGH STABILITY CARBON FILM RESISTORS 


The 4300 range of carbon film resistors is available where a 
reliable high stability close tolerance resistor is required for use 
in critical circuits. 


The range comprises five main groups—¥, W., } W., 4 W., ? W., 
and 1 W. Within the limits listed below resistors are available in 
all preferred values. Other values can be supplied to Order. 


4302 1 WATT-RESISTANCE 10 © to10M 2+ 1% 


4303 3 WATT-RESISTANCE 10 © to 75M 2+ 1% 
(approved to RC2.C of RCS.112 from 10 Q to 1M Q) 


4 WATT-RESISTANCE 10 © to 51M 2+ 1% 
(approved to RC2.D of RCS.112 issue 2 from 10 Q to 1M Q) 


4 WATT-RESISTANCE 430 to 47M 0+ 1% 
(approved to RC2.E of RCS.112 issue 2 from 10Q to1MQ) 
1/10 WATT-RESISTANCE 100 to 470K 0+ 5% 
Send for Data Sheets CFR 


Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London,W.C.2 
RECTIFIER DIVISION: EDINBURGH WAY - HARLOW .- ESSEX 


60/9MF 
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ETHER ‘XACTRO] 


Potentiometer Recording Controllers, SERIES 20 


TYPE 2000 with on/off control 
TYPE 2001 with Anticipatory control 
(1% band width) 


PHENOLIC 
MOULDED DOOR 


CONTROL 
POINTER 


PEN-CARRIAGE 
RAIL 


oa MAINS SUPPLY 
COMPLETE UNIT sy ae SWITCH 


MOUNTED TO SLIDE OUT CONTROL UNIT 
AS ONE 


-for ease of service the amplifier is a plug-in unit. 


ETHER ‘XACTROL’ Potentiometer Recording Controllers are high-quality 


instruments, of the very latest design, for accurately controlling and 
measuring temperatures of — 200°C up to +2,000°C. They are equally 
suitable for measuring variables such as speed, strain, pressure and hydrogen- 
ion concentration, as well as any other quantity that can be expressed as 
an electrical signal. 
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*K SIMPLICITY OF DESIGN * EASIER RANGE CHANGIK 


ARRIAGE 
AIL 
d 


Me Le EVEN HIGHER STANDARDS OF PERFORMANCE 


yer ae * Unique Zero-load & Zero-differential control system 
FEATURES * 6 calibrated scale * Small panel cut-out 10; 9: 
INCLUDE! * Patent Ink Cartridge * Front control-point setting 


CABLE 
CONNECTIONS 
POSITIONED FOR 
ALL-STEEL WELDED CASE WALL- MOUNTING OR 
PANEL-MOUNTING 


UNIQUE ZERO-LOAD 
& DIFFERENTIAL 
CONTROL SYSTEM 


(Patent applied for) 


LINEAR SLIDE-WIRE 
HAVING 1,000 CONVOLUTIONS 


SPECIALLY DESIGNED 
BALANCING- MOTOR 
WITH PRECISION 
GEARBOX 


INK CARTRIDGE 


PEN 
CARRIAGE 


CHART 
TEAR-OFF STRIP 


SYNCHRONOUS 
CONVERTER 


CONTROL 
SETTING KNOB 


shan 
6 inch CALIBRATED a 
T 


CHAR 


AMPLIFIER 
GAIN CONTROL 


CALIBRATION 
PLUG-IN PRINTED-CIRCUIT ADJUSTMENT 
RANGE-CHANGE UNIT 


An exclusive feature of the ETHER ‘ XACTROL’ 
is the unique ZERO-LOAD & ZERO-DIFFERENTIAL CONTROL SYSTEM 


(pace:.t applied for) 
—which totally eliminates the 


use of mechanically-operated Please supply, without obligation, full details of the 
linkages and snap-action switches ETHER * XACTROL.’ 


@ ZERO-LOAD even at control! point 

® ZERO-DIFFERENTIAL 

@ WIPING-ACTION, continuously- 
cleaning contacts 

@ ADJUSTABLE OVER FULL SPAN 


from £125-Q-0 | GE BR Cocron Wear srevanace tenes cerenegeati0n 


delivered REPRESENTATIVES THROUGHOUT THE U.K. 
AGENTS IN ALL PRINCIPAL COUNTRIES 


GREATER ACCESSIBILITY * EASIER SERVICING & INSPECTION 
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Write for 

Catalogue G. /00 
Temperature Control 
Switches 





THE GRAVINETTE CARTRIDGE TYPE SERIES 1000, TENSION OPERATED 
A miniature precision unit for Surface Mounting, to provide These precision temperature control switches are designed 
for optimum temperature control on applications where 
space is at a premium, The Gravinette is an adjustable unit 
and is offered in four versions :— 


primarily for use in heater blocks, heated plates and similar 
applications where excessive moisture or vapour is not present, 


Type TCS 3150, normally closed, range—7o°C to 100°C Possessing the desirable features of the ideal thermostat, the | 
4 . , é ’ © ’ ~ e - ~ . . . . 

Type TCS 3151, normally open, range—7o°C to 100°C, Graviner Temperature Control Switch is of convenient size 

Type TCS 3250, normally closed, range 40°C to 250°C, and shape, adjustable and resistant to vibration and shock, 


Type TCS 3251, normally open, range 40°C to 250°C, and easy to install. 









Normal rating 1 amp. on 250v ; . 
A.C., and 2 amps on 28v DC. Current Rating 5 amps 250v. A.C. for standard types. 







see 


For further details of our complete range write or telephone 


GRAVINER, 10 CHURCH ST., STAINES, MIDDLESEX 
FY ARES Telephone: Staines 51217 


Specialists in Airborne and Industrial Fire and Explosion Protection, Nuclear Development and Production Engineering 
ES 
Voltage Regulating Transformers 
* 
and Line Voltage Regulators 














from 250-580 VA Models 41 and 42 
% Universal fixing centres 
% Choice of ganged or automatic models 











THE NEW MODELS 71,72 from 1.5to2.5KVA 

Self-aligning brush gear 
(PATENT PENDING) 

% Universal fixing centres 

% Chotce of ganged or automat’c models 






Details available from :— ; 
THE BRITISH ELECTRIC RESISTANCE Co. Ltd. 


Queensway ° Enfield - Middlesex Telephone : HOWard 241! 
Telegrams : Vitrohm, Enfield 


Delivery from stock 








BR 136! 
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ae Here are two useful products that help you 

t, the : : 

af make the most of a single supply hydraulic 

salle system. 
HML AUTOMATIC GAUGE ISOLATOR 
Protects Gauges from sudden surges beyond their capacity. 
The adjusting screw is set to isolate at 90% of the gauge 
full scale reading. Fit a number of pressure gauges together 

—<— with their appropriate isolators and obtain a very accurate 
indication of pressure throughout the entire system. 

EX 

neering 





HML VARIABLE PRESSURE REDUCER VALVE 


The only pressure reducing valve on the market today that 
will maintain set reduced pressure under varying pressure 
and flow conditions. Pressure range 0-5000 p.s.i. Flow 
range 0-10 g.p.m. 


ae HML manufacture a wide range of high 
precision hydraulic test equipment. Please 
write for full details. 


td. Chae HML ENGINEERING LIMITED 


Head Office: 466-490 EDGWARE ROAD, LONDON, W.2. Tel: PADdington 0022 (12 lines) 
BR 136! Works: HARPERS YARD, ST. JOHN’S ROAD, ISLEWORTH, MIDDX. Enquiries to ISLEWORTH 3011 


DHB-7269 
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ELECTROLYTIC INFINITE RESOLUTION 
CONDUCTIVITY SINE-COSINE POTS 
CONTROL 











make computers compact 










The Type RC4 conductivity controller and 
measuring bridge continuously monitors the 
purity of processed waters, wash and rinse 
waters, steam condensate, effluent concentra- 
tion etc. and operates electrical ancillaries 
such as magnetic valves and visual or aud- 
ible signals, when the conductivity reaches a 
predetermined value. 


A wide selection of patented, indestructible 
measuring cells, which have precise and inter- 


4 
& 
1 
f 
i 
' 
4 
: 
i 
i 
i 
i 

changeable electrical constants, are available ‘ 
i 







These pots replace gears, cams in data con- 


verters and computers. They are low-inertia, 







low-torque, long-life, low-noise with special 












film track. 



















for use with the controller under a variety 
of conditions. Extremes of pressure and 
temperature up to 3,000 p.s.i. and 200°C are 
catered for. 


Condensed example of a 
typical specification 









Plastic bodied, non-metallic cells are invalu- Resistance ..............+6 20 KO per quadrant 

able for use with extremely pure water in ‘ i ‘ 

which the complete absence of leaching is Conformity .........-.+-. 0°1% pk-pk into 1 MO 
Starting Torque......... down to | GCM per gang 


Angular Accuracy....... + 0.15% 

Max. rated Speed......2,000 RPM 

IG. sn incsensasessssceeel 0.1 GCM? per gang 
Nominal Life............. 20 x 10° cycles 
Shockproof.............4 


essential. wc 


Descriptive leaflet available upon request 


SB ELECTRONIC 
tie SWITCHGEAR 


he re eae eg. DIGITAL DIALS, 10-TURN POTS, HIGH 
LETCHWORTH - HERTS - TEL: 1853 SPEED ELECTROMAGNETIC CLUTCHES AND 
RECORDERS, CONTROLLERS AND CELLS + CONTROLS AND POT-SERVOMOTOR MODULES 


FOR LIQUID AND SOLID LEVELS + TIMING - PHOTO As shown at the 1.E.A. Exhibition 
ELECTRIC PACKAGING REGISTRATION + ETC 





for details write to :— 


KYNMORE ENGINEERING CO. LTD 


19 Buckingham Street, London, W.C.2 












Data also available on other 
KYNMORE COMPUTER COMPONENTS 

































47 VICTORIA STREET, WESTMINSTER, S.W.l. ABBEY 2771/5 
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‘F’ Type Carter Gear, 
top mounted motor and 
flange mounted reduction gear 









a 
r 






















Handwheel controlled * 
‘A’ Type Carter Gear 
with flange mounted 
reduction gear 








Specialists for over 20 years 

in the design, manufacture 

and industrial application of 
Hydraulic Variable Speed Gears. 








write for Folder 1660 
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Fractional horse power 
‘F’ Type Carter Gear, 
Handwheel Speed Control 
















‘A’ Type Carter Gear, 
push button operated 
, Remote Electrical Control 





Hydraulic 
Variable Speed Drives 
with these advantages 


Wide infinitely variable speed range 
(approximately 27/1 on full load). 


Sensitive accurate speed control by 
Hand, Electrical or Lever arrangements. 


Constant output torque throughout 
the entire variable speed range. 


Positive displacement action ensures 
maximum ‘ controllability ’ at all speeds. 


Carter Variable Speed Gears may be 
used to pick up loads from zero r.p.m. 


Controls may be operated with the 
drive either running or stationary. 


Made in ten sizes for fractional up 
to forty horsepower drives. 


Flange mounted reduction gears can 
be supplied for slow speed drives. 


Compact, efficient, easy to install 
and simple to maintain in service. 


Entirely self-lubricating since oil 
is the power transmitting medium. 


BRADFORD 3 
YORKSHIRE 
ENGLAND 


‘phone Bradford 64378 (3 lines) 
"grams * Became’ Bradford Telex. 






Carter Gears Limited 
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Precision Parts in WY¥LONW 


CUT COST OF ENGINEERING PRODUCTS 


PRECISION MADE TO YOUR SPECIFICATION | Thought about using 


GG MINIMOULDINGS SIZES FROM NEXT-TO-NOTHING UP TO : oz. ; [Ts P 
are the product of a unique MINICASTS 
high speed method of injection HIGH RESISTANCE TO ABRASION - 


moulding which minimises x in Zinc Alloy? 
shrinkage problems and dimen- HIGH DIELECTRIC STRENGTH 
sional variation of conventional ’ There’s nothing to touch GG 
multi-cavity mouldings. Quan- | TOUGH, SELF-LUBRICATING, etc. - = parts — cow lous benmuse oh 
tities 50,000 to millions. Avail- , d machining, assembly, weld- 
able in all Thermoplastics. AUTOMATIC INSERT MOULDING ; ; ing, scrap and tool costs are 
‘ either reduced or eliminated. 
. . ° ‘ . Send for fi details today! 
% Send us one of your small assemblies for a‘ quick quote’ — it may surprise you ! ee 


4 * Diecasting made by new 
gi high speed automatic process. 
Kae O ie Supplied completely trimmed 


, 
2» IY i ready to use. 
( Oy i 


ROBIN HOOD LANE - BIRMINGHAM 28 - Tel: SHIRLEY 4491 Gira” 


NON-ELECTRIC PUSH BUTTON CONTROLS 


® SAFETY 
® ECONOMY 


® SIMPLICITY 


‘ieee 


TLE 


STOCK RANGE 


VALVES & CYLINDERS 


Pas HYDRAULICS & PNEUMATICS LIMITED 


WULFRUNA WORKS - ,VILLIERS ST - WOLVERHAMPTON - Tel. 24456 
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From one to twenty-four accurate recordings - 
on an easy-to-read strip chart that is 12}” wide 
-with an instrument that combines fast response, 
sturdy construction and superb design- 
simplicity! These are some of the advantages 
behind Dynamaster’s reputation for efficiency 
in industrial plants, pilot plants, laboratories 
and research units. Let us tell you more about 
Bristol’s Dynamaster - available as a self- 
balancing potentiometer or as a_ bridge 
instrument for dependable recording or control. 


Continuous measurement. 
DYNAMASTER POTENTIOMETER 


controls and/or records quantities that can be 
measured in terms of D.C. voltage or current. Wide chart and boldly-figured 
indicating scale. 


Few moving parts. 


DYNAMASTER BRIDGE 
controls and/or records variables which are 
a function of resistance or capacity. 


Single or multi-channel models 


available for quick delivery. 


Complete information from 


Chemical and Oil Section PROCESS CONTROL DIVISION 
E|LIOTT ELLIOTT BROTHERS (LONDON) LTD 


CENTURY WORKS, LEWISHAM, LONDON SE13 Telephone: TiDeway 1271 
Ly A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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ISENTHAL RHEOSTATS for reliable control 


Isenthal Sliding Rheostats are unsurpassed for their smoothness of 
adjustment, stability and mechanical strength. They are all 
electrically self cleaning and conservatively rated and the tube 
terminal stems are firmly locked in their mountings. Straight and 
graded windings in a wide range of ohmic values and current 
carrying capacities are obtainable and special characteristic 
windings can be supplied. 


The motor driven rheostat illustrated here is just one of the 
wide range manufactured by Isenthal. 


Please write for illustrated leaflet 255R. 


ISENTHAL & COMPANY LIMITED, DUCON WORKS, VICTORIA ROAD, NORTH ACTON 
LONDON W.3 
Telephone: ACOrn 3904 Telegrams: Isenthal London 


1$23 


‘SPECIALS’ ARE OUR BUSINESS! 


Automatic Electrical Controls built to 
YOUR specification, or to our own design 
for use with Pumps, Generators, Com- 
pressors, Alternators etc., giving automatic 
start and stop for Diesel, Petrol, or Electric- 
ally Driven Equipment. 


Safety, Alarm and Indicator Units for 
Switchgear, Control Consoles and Panels, 
high and low levels and/or pressures. 


YOUR enquiries will receive prompt attention 


AUTOMATIC MAINS FAIL- Th wor 


URE CONTROL CUBICLE 
J. ITCHGEAR. 
pac tie ocean seron ta LORD’S CONTROLS LIMITED 
{ED TO A ° ° 
hora rete 15 Victoria Avenue, Camberley, Surrey 


NETWORK. Telephone: CAMBERLEY 1399 


Tick No 188 on reply card for further details CONTROL June 1960 








UO eee ee 


MAINS GAS VALVES 


Range from 4” — 4” with threaded connections, 
and up to 8 flanged. The complete range 
available with reverse action, hand opening, 
high/low, or with incorporated safety switch. 


is vaives meet 
OB eee eRe ae 

appliance mel Ol im oig al oial es 

are all-British and 


N price 


reasor 


BLACK 
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MINIATURE GAS VALVE LGM 


At a list price of 30/- this small, 
neat, quality produced solenoid 
valve is outstanding value. For 
pilot and small appliance duty. 
Mains voltage. 


APPLIANCE GAS VALVE AVG 


Specially developed for gas cooker 
use and suitable for a wide range 
of domestic and other small 
appliances. 


LEAFIELD - CORSHAM - WILTS 
AUTOMATIC CONTROLS LTD A|D. APPR¢ » 


- 


Hawthorn Pa 
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Made TWICE 


7: 
measure EFFICIENCY 





4 


WRN 


These instruments can be 
designed to measure and 
indicate instantaneously the 
rate of flow of any gas or 
liquid and also transmit 
a signal linearly related to 
flow for automatic control, 
flow ratio control, remote 
indication, etc. 





in 
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The Rotameter flowmeters shown here are ‘“made-to- 
measure” in more senses than one. They are designed to 
measure, accurately and instantaneously, the rate of flow of 
process liquid in the pipelines—a vital function in process 
control. 


All parts in contact with the metered fluid are of non- 

corrosive material usually stainless steel and the contact 

surfaces are mirror polished. The elimination of pockets 

and crevices that could harbour bacterial growth, is also of CHIEF FEATURES ARE :— 

particular benefit to the Food Industry. These instruments @ A high level of accuracy, usually better than 1%, overall, and 
can be cleaned without removal from the line. good long term stability. 


Functionally speaking — a perfect fit. 
¥ Sp 8 P @ Low cost —less than a quarter of the price of an equivalent 


Booklet CC 2125/28 conventional network analyser. 
gives details of the a ? : : 
standard range of Universal units each represent a wide range of network 


Rotameter instruments element, thus reducing the diversity factor. 


A 0 ri A in 3 T rs A in aie aad Ease and precision in setting up. 
level. Enquiries for 


FLUID MEASUREMENT AND CONTROL ‘Special instruments are - F. C. ROBINSON 


FLOW -DENSITY- LEVEL welcomed. 
AND PARTNERS LTD. 
ROTAMETER MANUFACTURING CO. LTD., | ‘ Councillor Lane Cheadle — Cheshire 


330 PURLEY WAY, CROYDON, SURREY. Tel: CROydon 3816 | : Telephone: GATiey 2469 ond 4020 
G28 





164 CONTROL June 1960 











rall, and 


uivalent 


network 


heshire 





















CONTROL June 1960 Tick No 115 on reply card for further details 165 





EHD RECORDING FLAME 


| PHOTOMETER 















The ‘EEL’ Recording Flame Photometer has 
been designed for the continuous monitoring 
of Sodium concentrations. The instrument is 
completely self-contained, operating from a 


town or bottled gas supply, with an Air 





Compressor fitted internally. A high level 





warning is incorporated. 





Highly sensitive; full scale deflection 


obtainable at 0.01 p.p.m. Sodium. 


Functional design based on our wide 


experience of flame photometry. 





Easily installed; no special skill re- 


quired in operation. 





Further details available from : 


EVANS ELECTROSELENIUM LTD 
SALES DIVISION 95 - ST. ANDREWS WORKS - HALSTEAD - ESSEX 


SALES AND SERVICING AGENTS THROUGHOUT THE WORLD 
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ANNOUNCING THE .NEW 


NUMICAl 











If | 
on 
Ww 
th 
a high quality miniature, el 
in-line, digital display tube. fie 
The XNI NUMICATOR displays digits from 0 to 9 A 
(or other symbols such as “+” or “—” or fractions if = 
required) clearly and brightly. It operates from a 
minimum voltage of 180v. D.C. and at a current of el 
approx. 1-S5mA. g' 
Our Technical Service Department PI 
Hiwvae Limited is ready to provide further details a 
ivae on application, D 
A Member of the Automatic Telephone & Electric Group al 
Stonefield Way, South Ruislip, Middx. Telephone: Ruislip 3366. p 
—— - p 
tk 
V / 
t 
BOOK A Wa wl a PASSAGE FOR YOUR CONSIGNMENT... : 
. Send it on its way, secure in its special Hairlok tailor-made packaging. Hairlok is the ultimate 0 
answer to damage in transit. It is compounded from the finest curled animal hair coated with latex n 


rubber and completely bonded into place to absorb every impact, shock or vibration. The Hairlok 
Laboratories comprise a team of specialists fully versed in the designing, testing, and constructing 
of packaging to the most stringent requirements to assure safe transit of the most delicate equipment. 


@ ATLAS—The HAIRLOK Modulator System for Packaging—provides the 
answer to standardisation as well as protection. 


@ HAIRLOK is made in many densities—to absorb a variety of shocks, protect 
different weights. 


@ HARLOK Laboratories design complete packages for special items, including 
individual outers for specific transport / handling problems. 


, scientific —" for the scientific age 


che 


Standard HAIRLOK 










Vital items of electronic equipment 
with their own HAIRLOK mouldings 
and a special self-righting outer 


case developed by HAIRLOK mouldings from the Atlas 
Laboratories. | System range. These can be 
built up to protect many different 
For literature and further details, write or phone : shapes and sizes. 







THE HAIRLOK COMPANY LTD., Magna Works, 





Kathie Road, Bedford. Tel. Bedford 4271 
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if you had an 
Il seeing eye 


If you had an all seeing eye you would at 
once realise the importance of Plannair 
Wafters, for you would be able to observe 
them simultaneously at work in very many 
electronic equipments and those of allied 
fields. 


At once you would be impressed by their 
reliability and adaptability to miniaturised 
electronic equipment, wherever a small 
general purpose blower is needed. 


Plannair Wafters offer the Design Engineer 
a compact, lightweight, streamlined and 
particularly silent answer to problems 
arising from localised ‘ hot spots’. 


Plannair, as a specialising body, is com- 
pletely single-minded in its dedication to 
the solving of air movement and tempera- 
ture control problems. Plannair contributes 
the most efficient blowers, weight to output, 
in the world today. Our knowledge could be 
of assistance, you think? Then we'd be 
more than happy to help! 





The Plannair Wafter Unit 3PL101-409 


TECHNICAL SPECIFICATION: 


Housinc Designed to comply with the Ministry of 
Aviation requirements to meet the Specification 
No. 1086B for tropicalisation. In light alloy anodised 
finish incorporating black moulded rubber resilient 
mouldings for supporting motor. Terminal block 
mounted on outside. 






pimension 34” long, 4” dia. over bell mouth, 432” dia. 
over rear flange. 

weicuT 1 Ib. 6 oz. 

impeiter Moulded fibre glass. 

motor Shaded pole type wound for 110/115 V or 
230 V single phase 50 cycles. Consumption 12 watts. 
Perrormance 50 c.f.m. under free air conditions. 
speep 2,600 r.p.m. 

NOTE: The Plannair Wafter is available in a number of alter- 


native housings. Send for the Plannair Wafter leaflet which 
gives full details of units available. 


ing 8 eas Tey tt 
PLANNAIR LIMITED indfie ouse, Leatherhead, Surrey. 
ieee 


7] PLA33a 
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DAVIS .« DERBY 


GQnMnOouUnNCe ..- 





















The PNEUMAPROBE is the only device for the 

reliable detection of all solids, wet or dry, in granular 
T H E or lump form, and, therefore, is adaptable for the 

level control of all solids, water and non-volatile liquids. 


“PNEUMAPROBE” The PNEUMAPROBE is the only type which will 


operate with wet materials under wet conditions. 


P R Oo X I M I T Y A novel feature is that the Probe is operated viaa 


low pressure air supply and does not depend on 


S WwW | 7 Cc H electrical properties, such as capacitance, etc., etc. 


Full details will be supplied on request. 





The Device has been developed and engineered at the 
Coal Research Establishment of the National Coal Board. 


JOHN DAVIS & SON (DERBY) LIMITED 


Telephone: Derby 45403 /4 All Saints Works 
Telegrams: Davis, Derby DERBY 





FOR THE PLANT YOU MAKE 
Do you specify BAILEY’S pressure regulators? 


RELIABILITY...LONG SERVICE...EASE OF MAINTENANCE 


Leading design engineers in industries of all types BAILEY’S UNIQUE SERVICE 
have learned from experience that they can dependon In addition to producing a wide range of pressure 
Bailey’s pressure regulators to give greater reliability, regulators for controlling steam, air, water, gases and 
ease of maintenance and long working lifein industrial oil, Bailey's offer a complete advisory service on 
equipments of all descriptions. By incorporating medium and low pressure applications. They will 
Bailey’s valves in the plant you are designing or gladly advise on any installation and can supply 
producing you will give your products an additional most of the ancillary components you will require. 
selling advantage. PLEASE WRITE FOR FURTHER DETAILS 


SIR W. H. BAILEY & COMPANY LTD PATRICROFT MANCHESTER ENGLAND 
Telephone: Eccles 3487/8/9 Grams: Beacon, Telex, Eccles 
Telephone: Dominion 2277/8/9 



















LONDON OFFICE: Selinas Lane, Dagenham, Essex 









PRESSURE REGULATORS . PARALLEL SLIDE VALVES + SLUICE VALVES - TEST PUMPS 
TGA RVI3A 
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* the case for perfect housing 





in electronics 





ilar 
quids. 
Desks and Panels 
Lintott fabrication serves the elec- 
tronic and nucleonic industries with 
the Control Desks and Panels that 
enhance the operating scheme. 
Board. 


Working in close collaboration with 
designers, Lintott produce units for 
all forms of process control, burner 
control, nuclear control, etc. This 
includes sheet metal work, surface 
finishing, flow diagram mounting and 
installation of instruments and 
switchgear. Perfect housing helps to 
sell your equipment. Let Lintott 


customers’ specifications quote for construction on your next 
project. 


built to 





FOR EQUIPMENT... 
a flexible system of cabinets 


Lin-cabinets provide a standard and yet completely 
flexible system for housing electronic and electro- 
mechanical equipment. They are designed to accom- 
modate any arrangement of components and any 
combination of chassis. Each unit is self-contained, 
with built-in cooling or heating facilities, and are suitable 
for slight pressurisation. The three standard drawers 

















ANCE of 8”, 12” and 16” can be used in any combination to 
: give a total height of 52” and any number of cabinets 
of pressure can be interlinked. Lin-cabinets are K114 approved 
', gases and for the three Services and lend themselves to many 
"They will applications. Plan your equipment layout with Lin- 
can supply cabinets in mind and enjoy low installation costs, 
require. low maintenance costs, with maximum efficiency. 
ILS 
Data Sheet LC. No. |. 

NGLAND eet LC ” 

ea qeaeeeameamweamamwam ew GSE ew eee eee Cer eee le 

H. & E. LINTOTT LTD., Horsham, Sussex. Telephone: Horsham 3316 Telex 8746 
PUMPS and at the AYLING INDUSTRIES GROUP London Office: GRAND BUILDINGS, TRAFALGAR SQUARE, W.C,2. Telephone: TRAfalgar 8282 

TGA RVI3A 
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ORTIPHONE 
TRANSFORMERS 


are chosen by the 


TRIK ELECTRICAL CO. LTD. for use in their 


TRIXADIO PASSENGER ANNOUNCEMENT SYSTEM 
fitted in Comet Jet Airliners 


Gia i i 
FORTIPHONE TRANSFORMER DIVISION (DEPT. 3) 92 MIDDLESEX ST. LONDON €E.1, 


BERYLLIUM COPPER 


An ideal Electronic Component 
and having a wide range of 
applications in Industry. 


Beryllium Copper “Wavey” Washers, for Electronic Com- 
ponents, Range 10 BA to 3” B.S.F. Corrosion-resisting, 
non-damaging to components, higher resistance of “set”, 


higher recovery of load, permanent spring action. They LEA VE IT TO o 
are fabricated from Beryllium Copper, heat-treated to 


VPN.350 minimum, Electro Plated to DTD.924, Cadmium Ig 
Plated to DTD.904 and Passivated to DTD.923 (A.I1.D.). 


Also supplied Clear Passivated (commercial quality) 


Silver Plated, Self Colour or to customers’ specification. OF REQODITCH 
Samples and price lists on request. SPRINGS, PRESSWORK. 


AND WIRE FORMS TO 


Send 2/6 P.O. for our 40 page booklet un spring design with full technical date. 11 ts an FINE LIMITS 
invaluable reference for your design department 


THE LEWIS SPRING CO. LTD., REDDITCH. London Office: 122 High Holborn, W.C.1. 
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Consistent accuracy, *K As a result of recent design developments, the latest 
small size, mechanical Ketay synchros are able to detect shaft movement of as 
ruggedness and an efficiency a * om minutes, or 1/7,200 of a ance = 

2 teed tee Guteenes aS this standard of accuracy—and an unfailing 
—— y reliability—an important part is played by the through- 
bore construction which is a vital characteristic of 
these synchros. 


conditions — all these, in every 
synchro made by Ketay. 


* They are small and light enough for use in many critical 
applications where size and weight must be minimal. 
The smallest in the current range—which covers sizes 
11 to 23, with size 08 soon to be in production—has an 
outside diameter of just 1.1” and weighs only 4.0 ounces. 


* This valuable miniaturisation involves no sacrifice of 
mechanical ruggedness—with stainless steel housing and 
encapsulated windings, Ketay synchros will perform 
efficiently and consistently under most severe conditions 
of impact or vibration. 


Every one of these units embodies the They also maintain the same high level of performance 


in extreme temperatures. Generally, the operating range 
is —55°C to +85°C, but recent progress has enabled 
environmental and accuracy problems even these figures to be bettered; a new Ketay series of 


highly specialised knowledge of Ketay 


engineers who are continually at work on 


connected with servo components and synchros capable of working at 125°C is already avail- 


; ; n m i i vi i 
systems. Their very considerable ex- able and developments are in hand to improve this 


; figure to 200°C. 
perience and skills, backed by superior 


development facilities, are available as a 


service of which alt plant designers and * Ketay synchros have an outstandingly high resistance to 


moisture and other climatic conditions; this is afforded 
by stainless steel housings, shafts and bearings, hermetic- 
ally sealed windings and other design features. 


engineers are invited to make full use. 


KETAY LTD - EDDES HOUSE - EASTERN AVENUE WEST - ROMFORD - ESSEX 
TELEPHONE: SEVEN KINGS 6050 
Overseas Sales Organisation: Plessey International Limited - Ilford - Essex Tel: lford 3040 
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ask 


oIMA 


INSTRUMENT CENTREZ<-<---— 
a 






- NAVIGATIONAL AND 
SURVEY EQUIPMENT 


OPTICAL AND 
OPHTHALMIC INSTRUMENTS 





Se 
—. 
20 QUEEN ANNE STREET, LONDON, WI. \~~~__ AIOnsTon aren 









The specialised knowledge and advice of 160 British 









Manufacturers of Scientific Measuring Instruments Se ~ a 
mij 
are available to you through this one source. Me 
%, 
Telephones : a KINEMATOGRAPH AND 
Technical Enquiries — IMPerial 6000 = ALLIED INSTRUMENTS 


Secretarial Enquiries — LANgham 4251 














Space donated by HENDREY RELAYS LIMITED, 392 Bath Koad, 
Slough, Bucks. Manufacturers of Electronic & Nuclear Instruments, 


Laboratory & Research Apparatus and Industrial Instrumentation. 





SCIENTIFIC INSTRUMENT MANUFACTURERS’ ASSOCIATION OF GREAT BRITAIN = Controt ano ‘Auromation 














CM3 DB2—Wwo IK 
Shaded pole Commutator Induction & 
2500 r.p.m. 60—700 r.p.m. or. Commutator 
1/400 — 1/200 h.p. 1/400 — 1/200 h.p. aa 8000 —920 r.p.m. 





at motor shaft == 1/3—1/40 h.p. 



















Available in a most comprehensive 
range of types, torques, sizes and speeds 
to meet all requirements in fractional 
horse-power, Klaxon Motors and Geared 
Units are the first choice where depend- 
ability is of the utmost importance. 


GEAR BOXES Klaxon Motors are also 
available combined with a wide variety of 
gear boxes. Standard types of gearbox have 
ratios ranging between 1.5:1 and 918,000:1. 























Speeds down to one revolution in 24 hours can Induction & 

be attained by special adaptation of gear boxes. Commutator 
18—320 r.p.m. 
180 — i 

KLAXON PRODUCTS are widely used in —35 to. ins. 


the following industries :— 
Automation, Electrical Engineering, Cycles, Motor Cycles, 
Motor Cars, Marine Engineering, Office Machinery, 
Automatic Machines, Mixing Machinery, Laboratory Equip- 


























ment, Light Engineering, Food Processing Machinery, and M5 

many others. Induction & Commutator 
0.5 —24 r.p.m. 

KLAXON LTD. Warwick Road. Tyseley. Birmingham I! 500 — 180 Ib. ins. 


Tel: Acocks Green 1654-6 Grams: Ediklaxos Birmingham 







One of the 

London Sales Office : 189-191 Drummond Street, London, N.W.1 Tel: EUSton 4102 and 4143 Windsor Group of Companies 
A.2 R.37 
172 
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Whole 
In one 


It’s a comforting thought that a complete wiring system, 
embracing perhaps five hundred connections, 
can be bought-in simply by quoting one part number. 


Preformed wiring by Plessey, in conjunction with Plessey plugs and 
sockets, solves many of the problems encountered in the making up of wiring 
assemblies used in the manufacture of electronic and electrical equipment, 
and the benefits both structurally and economically are considerable. 


One order on Plessey for a complete assembly — or set of 
assemblies — means only one supplier to progress — only one item to be 
dealt with by the various departments concerned. 


Let us begin at the beginning 


In providing complete wiring forms, cable assemblies and junction boxes 
to special requirements, the maximum economy can be achieved by calling 
in Plessey at the design stage. In this way can the wide experience 
of the engineers be used to your full advantage. 


mite 


——- WIRING & CONNECTORS DIVISION 
THE PLESSEY COMPANY LIMITED - CHENEY MANOR - SWINDON - WILTS 


es ) 
PlESSEY | riconone: svinter en 
Overseas Sales Organisation: Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 


RP) CW NIA 
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APIAC ww Duratrak * 


Regd. Trademark 
N01 AA A RR 





THE MOST USEFUL DEVICE KNOWN FOR THE CONTROL OF AC VOLTAGE 










VARIAG is the original continuously-adjustable 
auto-transformer, providing a smoothly vari- 
able output from zero to line voltage and 
above. 

VARIACS are available in a very wide range of 
models from small units for laboratory and 
instrument use to large ganged assemblies for 
three-phase power. 

VARIAGS are available open or covered, as 
single units or ganged assemblies, for manual 
operation or motor-driven. 




















The range includes 
portab!e, metalclad and 
oil-immersed models, 
dual-output types, high- 
frequency types and 
many ‘specials’. 

Write for complet 
information. 


















x Duratrak ? Duratrak (Regd. Trademark) 


—a patented* feature exclusive to Variac—is a 
special plated contact surface giving longer life, 
increased overload and surge capacity and maxi- 
mum economy in maintenance. Duratrak is now 
standard on all models except Series 50. 

*#U.K. Pat. No. 693406 


onty VARIAG nas DURATRAK 


This 3-gang assembly, Type 50-BMG3, 74 71 

will control 22-5k VA, 3-phase or 

single-phase according to connection. a u eg 0 ns 

Larger assemblies can be made. 


VALLEY WORKS - HODDESDON -: HERTS : TELEPHONE: HODDESDON 454! (6 LINES) 


CL59/2a 












This small! Variac, 
Type V-SHMTF., provides 
an output of 0-270 V.2 A, 
from 240 V 50 c/s mains. 
A still smaller model, 

Type V-3H is rated at! A. 












WITH TRANSPARENT DUST COVER 
AND PLUG-IN BASE 


As supplied exclusively for 


BERKELEY 


> POWER STATION 







NOW SUPPLIED AS FOLLOWS ° 
@ 6 Change-overs Light Duty 

















@ 6 Makes or 6 Breaks Heavy Duty 


@ 2 Change-overs Heavy Duty and 
2 Change-overs Light Duty 





@ Transistorised to operate as low as 
3 micro-amps 


@ A.C. Operation for: 6v. I2v. 50v. 
110v. and 250v. A.C. 


@ Double Wound Coils 
@ P.T.F.E. Insulation 
@ Orferate ad Delay up to 5 Seconds. 










A.1.D. 
ADMIRALTY APPROVED 
3000 & 600 TYPE RELAYS 







SIZE OF BASE 
ay xix? 


A D A RELA Y S ee 89-97, ST. JOHN STREET, CLERKENWELL, E.C.! 
Cs ed Telephone : CLErkenwell 3393/4/5. 
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TAGE 


includes 
Iclad and 
models, 
pes, high- 
pes and 
2 
; 


iplet 


! Variac, 
provides 
0V.24, 
/s mains, 
*r model, 
dat! A. 


In almost every industrial process there is some 
stage where manpower could be cut by the applica- 
tion of fluid power. It is here that our labour can 
prove so labour-saving, since the whole weight of the 
Baldwin Fluid Power Division is directed at cutting 
waste manpower and speeding production. 


BALDWIN TECHNICAL REPRESENTATIVES 


cover the British Isles. They are experienced fluid 
power engineers, who will quickly show you how to 
harness waste or under-used power by fitting Baldwin 
equipment which, because of its unit construction, 
can be supplied from stock quickly. 


Write now for the Fluid Power Catalogue C /503 


THE EXPERT BALDWIN DESIGN STAFF 

at Dartford will plan automation schemes for any 
operation or series of operations up to the largest 
automatic production lines. 


HIGHLY SKILLED MEN 


on the Baldwin shop floor devote their attention to 
producing the superb finish, reliability and precision 
that characterises Baldwin Fluid Power equip- 
ment. There is a standard range of 334 pneumatic 
and hydraulic cylinders and over 700 control valves. 


We have long found that the best way to success is 
to give the best service. At every level, our man- 
power is aimed ai increasing production for industry 
—and for Baldwin too, of course! 


Baldwin Industrial Controls 


Baldwin Instrument Company Limited - Dartford - Kent 
Telephone Dartford 20948 & 26411 - Cabies & Telex Baidwin Dartford 


Fiuid Power Division 


A HARPER GROUP COMPANY 
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Our range of counters offers in the most compact 
form types for all requirements. The total full 


size width of the group above is only 6 inches. 


Illustrated is the twin cylinder model 
having a free air delivery of 50 c.f.m. 


ELEPHONE 
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Pre-decermining Counter with 
Auto-reset 


Single Digit Counters which 
can be assembled in groups. 
Forward or backward count- 
ing. Auxiliary contacts for pre- 
determining 


Electrical Reset High Speed 
Counters 


Instantaneous Manual Reset 
High Speed Counters (10 or 
25 impulses per second) 


Send for full details of 
the above and other 
counters in our range to 


THE STONEBRIDGE 
ELECTRICAL CO. LTD. 


6 Queen Anne's Gate - London - §.W.1 
Telephone: TRAfalgar 1444 


OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 


In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The @) 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 


WILLIAMS & JAMES encinerers LIMITED 
Rd eee ee. ENGLAND 


ESTER 4 TELEGRAM A ABLE td 8 | ae) r 2 
K/WJ. 199% 
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simple or Complex... 
MEASUREMENT 


automatic liquid process control 









systems 


suit every purpose... 


Building a new factory or converting to 
automatic process control for more efficient production, 
simple or complex, your problems will be made easier 
by calling in MEASUREMENT LIMITED at the planning stage. 
MEASUREMENT AUTOMATIC LIQUID PROCESS CONTROL Systems 
are planned to suit customer needs. Equipment 
is designed around a number of basic 
liquid control instruments which may be used singly 
or in complex circuits. In fact, progressive 
or immediate transition to automation 
can be carried out as desired. 
MEASUREMENT LIMITED Offer a full advisory service, 
including special studies and designs to cover any liquid 
handling process—your particular process problem. 


Write to the Sales Manager, MEASUREMENT LIMITED—today. 


meters are matters for MEASUREMENT 


MEASUREMENT LIMITED, P.O. Box No. 2, Dobcross, Oldham, Lancs 





Tel : Delph 424 (5 lines) Telegrams: SUPERMETER, Dobcross. 
Export Enquires! 
PARKINSON COWAN GROUP EXPORTS LTD. 
Terminal House, 52 Grosvenor Gardens, London, S.W.1. 


Tel: Sloane 0111 Cables pisc, London. 


cOW AN 
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LIQUID LEVEL 
yeas 


The K.D.G. diaphragm-actuated Liquid Level Switch FA > till 
requires 2” B.S.P. fittings ONLY, to give one, two or fl elle ’ 
three LEVEL CONTROLS and visual warning. nen-corresive liquids, etc. 


Full details and specifications of the complete K.D.G. range are readily available from 


K.D.G. INSTRUMENTS LTD. Siow tantners tt0 


MANOR ROYAL - CRAWLEY « SUSSEX TEL.: CRAWLEY 25151 
LONDON SHOWROOMS, SERVICE AND SALES: 100 FLEET STREET, LONDON, E.C.4. Telephone: FLEet 5354/5 


Cleciuically Uperaitd 
COUNTER 


AT NEW LOW COST 


Rated speed-up to 1000 Counts per minute 


Designed for panel or base mounting 
Centre reset by knob 

Connection by flying leads 

Maximum voltage 110 D.C.—250 A.C. 


English Numbering Machines Limited MODEL 442 
Dept.2K - QUEENSWAY - ENFIELD - MIDDLESEX 
Telephone: HOWard 2611 (5 lines) Telegrams: Numgravco, Enfield Full technical information on request 


LEADING MANUFACTURERS OF COUNTING AND NUMBERING DEVICES 
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Is Matrix Inversion 
your problem? 


THE STANTEC-ZEBRA 


COMPUTING SERVICE 
CENTRE 


offers facilities for the solution of this and other 
mathematical problems 


AN EXTENSIVE LIBRARY OF SUB-ROUTINES All calculations are done in full 


IS AVAILABLE FOR SOLVING: decimal floating point. There are no 
scaling problems and numbers up to 


SIMULTANEOUS LINEAR EQUATIONS 109 can be printed out. 


Solution of 15x 15 Simultaneous 
SIMULTANEOUS ORDINARY Linear Equations would cost about 


£3 in 9 decimal digit floating point 
DIFFERENTIAL EQUATIONS or about £5 in 16 decimal digit float- 


PRO ing point. Special ratesareavailable 
BLEMS IN MATRIX ALGEBRA for educational establishments. 


MATHEMATICAL FUNCTIONS Ask for a quotation from the Zebra 
INCLUDING TABULATIONS Computing Service 


—_ 


S.T.C. is Britain’s biggest exporter of digital computers 


arcrrome | Dlandard Telephones and Cables Limited 


SYSTEMS Registered Office: Connaught House, Aldwych, London, W.C.2 


GROUP INFORMATION PROCESSING DIVISION: CORPORATION ROAD - NEWPORT - MON. 
60/IL 
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THE BE 


Enquiries to 


SINTERED GLASS TO 


gd FY es oo ae Mak 


Hollands Rd . Haverhill Suffolk 
Telephone . Haverhill 371/2 


CKMAN-BERKELEY TRIO 


DIGITAL FREQUENCY MEASUREMENTS _ From 20cps.-/5,000Mcs. 


Units may be obtained 
separately. 


FREQUENCY MEASUREMENTS 
20 cps. to 10 Mcs. 


7 DIGIT READOUT. 
ACCURACY + | COUNT 

t+ OSC. STABILITY. 
OSC. STABILITY + 3 PARTS 

IN 10? PER WEEK. 


3 SEPARATE INPUT CHANNELS. 


Model 7580 Computing Transfer Os-illa- 
tor operates with the 7370 10 Mcs. 
EPUT to measure CW, AM, FM, or 
pulsed R.F. signals up to 15,000 Mcs. 


Sensitivity 100 mv. rms. into 50 ohms. 


Tick N 


e TIME MEASUREMENTS 
Mi 0.3 usec. to 10? secs. 


10 DISTINCT OPERATIONAL MODES 
IN ADDITION TO SELF TEST FACILITY. 


DISPLAY TIME FROM 0.1 TO 10 SECS. 
ON AUTOMATIC RESET, INDEFINITE 
ON MANUAL. 


PHASE MEASUREMENTS MAY BE 
MADE. 


Model 7370. 10 Mcs. Universal EPUT Meter 


A WIDE RANGE OF 
BECKMAN-BERKELEY 
COUNTERS IS 
AVAILABLE — 


For full details write to: Dept. C 


* « /ELECTRONICS LIMITED ° 
INSTRUMENTS - COMPONENTS - PRODUCTION FACILITIES "2%! '452 Disica! Recorder. 


Collects — ae from 
GOVETT AVENUE, SHEPPERTON, MIDDLESEX oa cae tee” tae 


igi te. 
Telephone: Walton-on-Thames 26321 Telegrams: Winston, Shepperton gh meter per eines 
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MODES 
ACILITY. 


10 SECS. 
DEFINITE 


‘AY BE 


%* No larger than the average 
cuff- link 


. 
Seias Size x New mechanism has mechanical life 


The ra of at least 10 million operations 


BURGESS * Three types of solder terminals available 


Comprehensive range of auxiliary actuators 


BURGESS PRODUCTS COMPANY LTD, MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11 
Telephone: Low Fell 75322. Telex: 53-229 London Office: 127 Victoria Street, SW1. Telephone: TATe Gallery 0251 Telex: 25601 
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HIGHEST PERFORMANCE — LOWEST COST 
pe navitanD TORQUE MOTORS - senies 2 


Compact, Light, Precision-Built: Suitable for Industrial, Aviation and Missile applications. 


The following are characteristics of a typical model from the wide range of 
de Havilland torque motors :— 


(i) Maximum deflection + 0°15 radians (17° total) 








(ii) Maximum torque 1,500 gm. cm. in central position 








(iii) Deflection sensitivity 0°0092 radians/mA (differential excitation ) 








(iv) Torque sensitivity 7°6 gm. cm/mA (differential excitation} 




















(v) Hysteresis less than 1°5°, of amplitude 


(vi) Threshold Resolution ( Friction Level) — torque motor responds to 
0°1° of full scale current 


(vii) Natural frequency approximately 500 c/s 














(viii) Windings — 2 coils, 510 ohms each 
(ix) Vacuum impregnated 1000V insulation 
(x) Weight 4°5 oz. 






































Hatfield, Herts. Tel: Hatfield 2300, Extn. 606 





This model has an impedance suitable for differentia! magnetic amplifer drive 
and is intended for driving a low stiffness load. 

The unit is also available with windings from 10 ohms to 8,500 ohms 

per coil to suit other types of driver amplifier. 

In addition, models with the following special features are available:— 


(a) Outputs up to 2,500 gm. cm. torque with + 9° travel 
(b) Hysteresis below 0°7% 
(d) Calibrated as a velocity pick-off having a sensitivity of 6v/radian/sec. 


de Havilland Propellers will be pleased to give further information and 
advice on the use of these torque motors. 


DE HAVILLAND PROPELLERS LIMITED industria sates) 





METALLIC 














BELLOWS 


POWERFLEX Boa Flexible Metallic Bellows are made with 
annular corrugations and formed half inside and half out- 
side the plain tube, thus entailing a minimum of metal 
stretching and ensuring maximum working life. Multi-ply 
construction enables wall thickness to be varied at will to 
suit working conditions. 


Boa Bellows are basic components incorporated in a 
variety of products including Expansion Pieces, Shaft 
Seals, Pressure and Temperature Regulators, Unpacked 
glands, Exhaust Pipe Units and Instruments of many types. 
Regularly available in Stainless Steel and Gilding Metal, 











POWER FLEXIBLE TUBING CO. LTD. 


Derby Works - Vale Road - London, N.4 
Tel: Stamford Hill 6696 Grams: Metalfiex, Easphone, London 
MAKERS OF ALL TYPES OF FLEXIBLE METALLIC 
TUBING — BELLOWS — EXPANSION JOINTS 
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and fabricated from special materials to order. 


Our Technical Service will gladly provide information 
regarding fitment on request. 
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Cubicle Pattern Switchboards 
incorporating fused switches, 
distribution boards, contactors and 
relays, such as illustration, 


save space and money. 


Our full range, includes L.T. Air Circuit Breakers, Rising Main and Overhead Busbars, 


Distribution Fuseboards, Skirting Ducting, Underfloor Ducting and Motor Starter Cubicles. 


VARILECTRIC LTD., 10 MELON ROAD, PECKHAM, LONDON S.E.15 


Telephone : (Works Office) RODney 6895/6/7 Telegrams and Cables : VARITRIC-SEIS-LONDON 
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“The ever-widening field of Industrial Research requires more efficient and 
more accurate recording equipment, together with quicker methods of 
obtaining information. 

“This demand has been satisfied by the production of our new highly-sensitive 
multi-channel galvanometer recorders of improved designs to give instantaneous 
records of electrical, mechanical and physiological phenomena. 

“We are indebted to Kodak Ltd. who have produced a new “print-out” 
recording paper, called RP.12, which gives without processing, and in a few 
seconds, a visible image of good contrast. 

“We strongly recommend Kodak RP.12 recording paper for use with our 
equipment both at home and abroad.” 


J. Misrahi, 
Research Engineer, 
New Electronic Products Ltd. 


Kodak RP. 12 Print-Out Recording Paper 


Full deta.ls from 
‘Kodak’ is a registered trade-mark Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 


MOTORS 


A SELECTION FROM THE RANGE OF PARVALUX F.H.P. 


Shaded Pole Series Wound Series Wound Capacitor Capacitor Split Phase 
Constant Variable Variable Constant Constant Constant 


Speed S Speed Speed Speed Speed 
1/300-17140 HP 1/100 N10 HP 1/40-1/5 HP 1/150-1/30 HP 1/40-1/5 HP 1/40-1/5 HP 


Shaded Pole Series Wound Series Wound Capacitor Capacitor Split Phase 
Constant Variable Variable Constant Constant Constant 


seeee Pp Speed Speed Speed Speed 
19-330 RPM 25-800 RPM 22-800 RPM 17-680 RPM 20-700 RPM 20-700 RPM 


Series Wound Series Wound Capacitor Capacitor Split Phase 
Variaple Variable Constant Constant Constant 


ettion 0-520 RPM 0:3.260 RPM 0-3-19'3 RPM 0-2.f5"RPM 0-255 "RPM 
OUR 1960 CATALOGUE AVAILABLE ON REQUEST 


PARKSTONE, POOLE, DORSET, ENGLAND Tel: Parkstone 3827 PBX Grams: Parvalux Parkstors 
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. «+ the widest range of 


connectors 
on earth! 


The ARC 52 Equipment installed in the 
“* Lightning "’ (photo reproduced by courtesy 
of the English Electric Company Lid.), the 
Vickers-Armstrong ‘‘ Scimitar"’ and _ other 
military aircraft incorporates Amphenol 165 
Series Connectors. 


In industrial electronics, in research, in the Navy, Army and Royal Air Force, 
in the air, under the sea, in computers, guided weapons and automation, 
Amphenol Connectors fulfil a significant function as a vital link in equipment 
where growing complexity must be matched by increased reliability. Each 
connector in the vast Amphenol Range of types, arrangements and applica- 
tions has its own special features. But none is more important, or more 
widely recognised, than the quality of complete reliability inherent in every 
Product bearing the Amphenol Trade Mark. Get in touch with us today 
and ask for detailed catalogue information. 


AMPHENOL (GREAT BRITAIN) LIMITED, 
Victoria Road, Burgess Hill, Sussex. Tel: Burgess Hill 85616 


AMPHENOL-BORG ELECTRONICS CORP., CHICAGO, U.S.A. 
AMPHENOL CANADA LTD., TORONTO 9, ONTARIO. 
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Problems? 


could Screen Printing 
solve them? 


As Europe’s leading supply house we 
offer a complete service to industry. 
Our range of hand, semi- and fully 
automatic machines can handle any- 
thing from transistors to 20 ft. banners. 
Our technicians will be pleased to 


discuss your problems. 


IMPORTANT 


We publish a regular bulletin to our 
industrial customers, giving details of 
the latest developments in Screen 
Printing. If you use, or are contem- 
plating using, Screen Printing please 
make certain that you are on our 
mailing list. 


SCREEN PROCESS SUPPLIES LIMITED 


WALHAM HOUSE - WALHAM GROVE - LONDON SW6 FULham 9555 
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SINCE 1880 _| MERCURY SWITCHES 


Makers of Precision Gears 





All types up to 8” diameter 


10 to 64 D. P. ONE OF OUR RANGE OF OVER 


1,650 TYPES FOR ALL PURPOSES 
Send your enquiries to:— 


OUR NEW FACTORY ALSO MERCURY SWITCH UNITS FOR 
HAND OR MECHANICAL OPERATION 
G. W. EVERY & SONS LTD. AND MERCURY SWITCH RELAYS 
FIRST AVENUE, DENBIGH ROAD,| 


| A Cc Ref. C., 10 CHASE ROAD, 
BLETCHLEY, BUCKS * . e LTD., LONDON, N.W.10 
Telephone: Bletchley 2476 Telephone ELGAR 7281 & 7285 
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THERMAL CONVERTERS 


—call them what you will, 

these tiny tubes are in fact thermo- 

couples in Vacuo obtaining their ee Be ae 

energy from a heater. A thermo-couple “ee : Size Range 

is a junction between two dissimilar 10 B.A. to 

metals which, when heated, cause a nes od 

DC voltage to flow in the couple circuit. ares! £° 6.S.F. 

By connecting the thermal converter ; 2 ; 

to a suitable DC moving-coil meter, i ~ Z peasy meets | 
j t ‘ollowing require- 

measurements can be taken in he Siénis: Correction Resie- 

RMS values of current and Fe Ds : tance, Non-Magnetic, Excellent 

voltage, either AC or DC a Electrical Conductivity, High 


or superimposed DC. Z 7 ” Tensile Strength up to 85 tons 
| per sq. in. Prevents damage to sur- | 
faces to be locked together, Made 
to Admiralty Signal and Radar Estab- | 
lishment Spec. A.110000—Approved 
by RAE/RSP. 318 & RCL. 224. 
Supplied G.C.Q., A.I.D. or A.R.B. Released 


We manufacture a wide range of Vacuo-junctions Fie. Prices and Samples on request. 
available as insulated or contact types and will ew : 

be pleased to quote for your individual requirements. : Formerly marketed by 

For our descriptive leaflet, write to:— cog Rt oN DAVID POWIS & SONS LTD. 


DEPARTMENT V.J.5 M 
BEST PRODUCTS LIMITED 
FELIXSTOWE * SUFFOLK 
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RELAYS? 


Everything points to 


DEPENDABLE 


Our wide range of relays have 
one thing incommon-—they are 
manufactured to the highest 
standards. Whether your need 
is for Automation, Transistor, 
Type 3000 or Type 600 Relays, 
you can leave your specifica- 
tions in our hands with 
confidence. 

Prototypes can be delivered 
in 1/7 days, and quotations 

for quantities and special 
orders given on request to our 
engineering department, 
which is always available for 
advice on special problems. 






















































DEPENDABLE RELAY CO LTD 


Sa Ainger Road Camden Town London NW3 Telephone: PRimrose 8161 


a 

Please send me free illustrated brochure giving details of Dependable : 
Relays ' 
F 

NAME..... * 
* 

ADDRESS.. <n 
a 

a 

‘ 

ie 


C6 
SSS CSREES SESE e See e ese eee eee eee 
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FOR BATTERY-OPERATED 
EQUIPMENT 


Actual 
size 









LOW CURRENT 
CONSUMPTION 


>{ HIGH EFFICIENCY 


The Pullin Millimotor has been designed for battery operated 
equipments where low current consumption is essential for long 
battery life. Operating at high efficiency, the Millimotor meets this 
requirement and provides exceptionally good power output for its 
size. It is thus ideally suitable for pocket recorders and portable 
players, etc. Although inexpensive in price, the unit is soundly and 
ruggedly constructed and will operate satisfactorily at temperatures 
of + 50°C. A governed version of this motor will be available shortly. 


AVERAGE PERFORMANCE DATA 


Applied Voltage 9V.Max. NoLoadSpeed 5,600 r.p.m. 
Rated Torque 15 gm. cm. No Load Current 30m Amps. 


(‘2ozins) Stall Torque 50 gm. cms. 

Rated Speed 4,300 r.p.m. (‘7 oz ins) 

Rated Current 155m Amps. _ Stall Current 0°5 amps. 
Efficiency — 50% 






MECHANICAL DATA 
Outside Diameter 
Length excluding 

Shaft 24” 
Shaft O.D. 094" 


Method of Mounting *750” Spigot 
and two holes on P.C.D. *562” 
Connections 2 P.V.C. leads 8” Long 


UB AT 


R. B. PULLIN & CO. LTD. 
PHOENIX WORKS 
GREAT WEST ROAD - BRENTFORD - MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: ISLeworth 1212 
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narep RELAY USERS 


TO | “ CORREX” 
TENSION GAUGES 


The only instrument 
solely designed for accur- 
ately measuring tension 
on Relays, Contacts, 
Switchgear, and electri- 
cal apparatus of all kinds. 
Gauge measures in 
grammes, and a large 
range of sizes is produced 
to cover from 0.3-2,000 






For Really Fast, Efficient, 
Workholding, use WW 711 1 kas 


Le Nh 





grammes. 
* Manual Hydraulic, Motorized oe made and guaran- 
Hydraulic or Air Hydraulic eed. 
* Plungers from Ye Ton thrust Write for illustrations and prices from the 
pe ny OOS Tene thomet Distributors throughout the U.K. 


(3” outside dia.) 


POWER JACKS Pipe fittings for all sizes JAMES W. GARR & GO. LTD. 


also available 
LIMITEO 





Write for Brochure F4/243 Dept. SALES 7-15 Rosebery Avenue, LONDON, E.C.1 
VALETTA ROAD, ACTON, W.3. 
Telephone: Shepherds Bush 3443/6 Telegrams: Newsorber, Ealux. London Telephone TERMINUS 8866 (P.B.X.) 
a oe a a ee : rab 
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THE MOST COMPREHENSIVE RANGE OF FE RAC ‘a Oo 
PNEUMATIC 


CONTROL EQUIPMENT 


Type 334C40 
Geared Motor with 
A.C. and D.C. 
interchangeable 
frames. 1-20 r.p.m. 
Torque: 

20-10 Ibs./ins. 








MOTORS 


from '/2soth to '/3rd H.P. 


We have been in the forefront of 
developing Fractional Horsepower 
Motors for the past 25 years in the 

industrial field, and are able to meet 
the large variations in demand. 


You cannot get a better range of contro! valves, 
cylinders and air line fittings than that made 
by Midland Pneumatic Ltd., because no better 
range is made. As their design is based on many 
years’ practical experience in the application of 
industrial pneumatics, we claim the range is as 
comprehensive as any onthe market. Why not 
judge for yourself by writing for a copy of our 
latest catalogue and asking for a representative 
to call? 


MIDLAND 


Send for illustrated leaflet No. ABS7/S showing our range of motors. 


FRACTIONAL H.P. MOTORS LTD 
ROOKERY WAY, LONDON, N.W.9 
Telephone: Colindale 8022/4 


PNEUMATIC LTD 
NEW CROSS: WOLVERHAMPTON 


Telephone: 32501 /2 


MIDLAND PNEUMATIC LTD. NEW CROSS, WOLVERHAMPTON Phone 32501/2 DaF660C 





Agents: S. Birchall, 31 Maldon Drive, Eccles, Manchester Eccles 1084 
Law & Plumtree, “‘Glenholme’’, Holme Road, Matlock Bath, Derbys. | Matlock 326 
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) INSTRUMENTATION 





NUCLEAR CHEMICAL ELECTRONIC 


iment 
accur- 
nsion 
ttacts, 
lectri- 
kinds. 
in 

large 
duced 
2,000 


aran- 


C.1 

details 

) 

or with 

bie 

) r.p.m. 

L oO Cc K?* S offer a full range of 
instrumentation for the 
AUTOMATIC CONTROL of 
pH NEUTRALISATION 
OF EFFLUENTS 

RAPID CONTINUOUS DETOXICATION 
OF TRADE WASTE CONTAINING 
CYANIDE AND CHROMATE 

D 


9 A. M. LOCK & CO LTD 


79 UNION STREET, OLDHAM, LANCS. 
Telephone: MAIn 6744 


lock 326 
YaF660C TITIES ALLE REET ALAN TT 
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Tick No 158 on reply card for further details 


















for accurate 


Fielden. QW 
measurements 


INDIGATING } x2z3n.2* 


Thermocouple Amplifier 
and 6in. diameter indicator. 
Overall accuracy i0°25%. 
Temperatures up to 1600°C. 
Temperature measuring 
head and amplifier also 
amplifier and indicating 
meter can be thousands of 
yards apart (input 0-50 
ohms, output up to 4000 
ohms. ) 

Amplifier can be used with 
Recorder or Recorder/Indi- 
cator/Controller. 
Multipoint instrument 
(illustrated) gives very low 
cost per point and auto- 
matic correction for 
varying cable lengths to 
measuring points. 











SOS SSS 


SS 





Write for publications 
CAP. 1/C, 200/C, and price lists. 


eae Medias 


RECORDING } 22k." 
4 POINT 


Resistance Thermometer, 
single and 4-point recording. 
Chart diameter llin., various 
speeds. Accuracy +i40°5%. 
Covers temperature spans 
down to only 15°C between 
—200°C and +500°C. Platinum 
measuring head and recorder 
can be up to 250 yards apart. 
Indicating and/or electrical or 
pneumatic Control facilities 
available. 

Other recorders for temp- 
erature up to 1600°C. 





































Write for publications 209/C, 
200/C, CAP. | /C. and price lists. 







CONTROLLING } 322", 


‘‘Bikini’’ temperat- 
ure controller. 
Low Cost. Transis- 
torised. Very 
Robust — no pivots, 
galvos or other 
delicate moving 
parts. Easily fitted. 
Can be mounted at 
any angle. Instru- 
ment can be up to 
300ft. away from the 
measuring point. 
Electrical contacts rated at 5amps A.C. Accurately 
calibrated scale 9” long marked in°C or’F. High stability. 
Will control at any temperature between — 200°C and 
+500°C with a differential of 0°5°C. Occupies panel 
space of only 44° diameter. Immediate delivery from 
stock in Manchester, London, Walsall, Stockton and 
Edinburgh. 


Write for full specification sheets BIK/1/C and price list. 





cw ees TEMP/M2 
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Simplified Control with 


NEUMO 


AIR OPERATED PUMPS 
and MOTORS 


Many industrial users are 
finding that control of 
liquid flow by means of a 
simple valve in the delivery 
line is all that is required ; 
when using Neumo positive displacement air operated pumps. 
This valve may be at any distance from the pump enabling 
operators to control pumps at distant points of delivery. 
The system is reliable because no extra control gear is employed, 
the pump merely stalling by back pressure in the delivery line 
and recommencing delivery upon release of the pressure. The 
possibility of raising undue pressure in the line is avoided by 
automatic over-load devices in the pump which can be set to 
come into action at a predetermined pressure. 
Pumps are made in a wide variety of materials to cope with all 
liquids. Neumo motors containing only two moving parts area 
safe, reliable means of obtaining reciprocating motion and again 
may be stalled without damage. 

Write for further details to: 


NEUMO LIMITED 


South Coast Road, PEACEHAVEN, Sussex. 
Telephone: Peacehaven 2115 & 3354. 
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METAL 


“OME IE ST at 


PHOTO 


ee a ee 


The DURAMET metal photo 
stencil screen is an all-metal unit 
consisting of a metal stencil 
bonded to metal gauze. It is 
equally effective for printing on 
metal, plastic, wood, and paper. 
MAIN FEATURES OF DURAMET 
@ many times the usual stencil life 
@ consistent fineness of detail 
@ complete freedom and choice 

of inks and washes @ dimensional stability 
@ thick and thin deposits 


N. M. ROTHSCHILD & SONS 


ROYAL MINT REFINERY, 19 ROYAL MINT ST., LONDON, E.1 
ROYal 7061 
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SECONDS TIMER 


SHEWING : 
Divisions of One Tenth of a Second. 

Visual Record of Tens and Hundreds up to one Thousand, 
Instant Start and Stop by Electrical means. 
Manual Re-set to Zero. 

Special Extra—Reversible Motor for Re-set. 


Makers of Timers of all sorts. 


DEVON INSTRUMENTS LIMITED 
GLOBE HALL WORKS, TOPSHAM. Topsham 3547 
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Made easy and accurate 
ervo with Servo Consultants’ 
Transfer Function Analys- 
lesti 
TRANSFER 


ers and Automatic Nyquist 
Plotters. 


400 C/S REFERENCE SUPPLY 


These versatile instruments may also be used for: 
* DC Servo Testing 
* Mechanical input system testing 
* Hydraulic and Pneumatic Servo testing 


We also manufacture Very Low Frequency Generators, Pro- 
cess Analysers and a Standard Range of Servo Gear-boxes. 


Servo Consultants Ltd. 


10 Bouverie Place, London, W.2. Tel. PAD 2811 


For full 
details 
write to: 
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NOW io meet 


the needs of Standard Panels 


electronics and all To 
aR UCUM at ee LUNDS of WANDSWORTH 


Comparison with a 
three-penny piece 
gives some indication 
of the very small size. 












One-Two 
and it’s done ! 








BS ae We present our range of standard panels. 
a neni eal ? , oe 10 gauge steel sheet flat panels, notched 


s $s” ii;" deep to take fixing screws at 

| Insuloid 188,” CRS, and 14 gauge steel sheet panels, 
“ae . 

Wee cradlectip 


notched as above with panel returns 33”. 


TYPE WIDTH | NOMINAL 
DEPTH 


























sand, 





The miniature Cradleclip system WITH ALL THESE ADVANTAGES 
revolutionises small wiring yy Cuts wiring time by 52%. 

































‘ED installation. %& Combines high speed fixing with | 2 UNIT 19" 33” 
3547 Designed a for Electronics simplicity and complete security. | a ae 
—s very small wiring with the y Brings a new versatility, com- | 3 UNIT 19 5i 
ata =e | ” | 7 
details foolproof in Sy ren and y% Completely insulated and suit- 4 UNIT 
completely safe and permanent in able for all climates. 5 UNIT 19” g2” 
curate operation even im extreme climatic w% Electrica! and mechanical secur- 4 
Itants’ conditions. ity in all conditions. 
ve as Cradleclip 7 6 UNIT 
jalys~ accommodate up to either three i” sd 
ly quist cables, or 20 runs of rr” DIA 7 UNIT 19” 124 
covered wire, and has all the “ one The Cradleclip System has been 
two SS. Se * ab Siring \setiiettons 8 UNIT 19” 14” 
© w y u ° | 
established CRADLECLIP system Wiri odificati ick! " 3” 
from which it has been developed. . nt ay and on. on 9 UNIT | 153 
il 10 UNIT i” | iW 
1) UNIT 
12 UNIT 
Illustrated is the Lunrac—a standard rack, rigidly 
constructed of 10 gauge formed steel sections 
and easily adaptable to suit varying needs and 
specifications. For full details of this and other 
Lund products write to:— 
Twice as good... Send for fully descriptive literature 
Twice as quick the Insuloid Miniature Cradle- of Wandsworth 
= h ir clip Wiring System now, and find 
when you wire out also about other Insuloid time 
es. 


Bendon Valley, 
London, S.W.18. 


with CRADLECLIP and money saving products. 









INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leaston Avenue, Wythenshawe, 
Manchester. Tel. WYT 2842 & 3163. 


td. 









Tel.: Vandyke 7676/7/8 
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PENNY & GILES 


MUDEFORD * CHRISTCHURCH * HANTS 
TELEPHONE HIGHCLIFFE 2855 


















PREDETERMINED BATCH 
COUNTERS 










RECTILINEAR 
POTENTIOMETERS 


FOR REMOTE INDICATION AND 
RECORDING OF DISPLACEMENT 






IMPULSE 





REVOLUTION 












STROKE 













































































































































































COUNTING STROKE LENGTHS . 
Up to 9 inch for Type LP 2 
Up to 24 inch for Type LP 1 
All types available for : TWO RESISTANCE ELEMENTS 
Electrical or mechanical zero reset. a 
Available for use in the following ranges 
Predetermination of 1, 2 or 4 independent —50°C to + 85°C 
circuits during single counting process. er cee 
—50°C to +250°C 
Projection or flush mounting. RESOLUTION of 0-001 inch can be achieved 
mise: WRITE FOR DATA SHEETS 
PRINTING AND INDICATING COUNTERS 
over 300 types Also manufacturers of potentiometers in size 11 
and size 15 synchro mountings. 
7 SHEEN PARK Single and multi-gang. Single and multi-turn. 
e ADI ATRON RICHMOND, SURREY J 
Telephone: RICHMOND 3285 
Tick No 166 on reply card for further details Tick No 168 on reply card for further details 
THE 
ELECTRONIC INDUSTRIES 
gee" ~AIDCOLB, — | LIGHT SENSITIVE SWITCH 
TRANSISTOR AGE etc. Regd. Trade Mark 
(Aegd. Bade ) This switch is of New 
Type operating 
ELECTRIC SOLDERING automatically by the 
EQUIPMENT degree of darkness. 
Manuf a Specifically designed 
a Se to meet the demand 
from where for safety or 
6/7 to 230/50 Volt convenience one or 
with elements more ae are hed 
required to be switche 
Insulated from Earth on immediately dusk 
falls and off again at 
dawn. 
A PRODUCT FOR ‘ 
* Automatically 
PRODUCTION switches on at Dusk 
ss Designed for continual * Automatically 
done. use on bench line assembly switches off at Dawn 
(Cat. No. 70) 
sobetaaee Can be applied to any 
SHIELD BRIT. FOREIGN PATS. AND system where a control 
(Cat. No. 68) of this nature is 
REG. DESIGNS ETC. required. 
Standards approved in Requires no manual 
all leading countries setting when once es 
fitted. waa ‘4 a 
Catalogues 
Head Office, Sales & Service FURTHER INFORMATION FROM 
ADCOLA Products Ltd 
allie seman He PRECISION ENGINEERS LTD. 
CLAPHAM HIGH STREET COLONIAL WAY, STATION ESTATE, 
LONDON SW4 WATFORD, HERTS 
Telephones Telephone - - WATFORD 26259 
MACaulay 3101 & 4272 4 
CONTROL June 1960 Cc 
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Getails 


ES 


ANTS 


ranges 


hieved 


' details 


RESEARCH BEARS FRUIT 


Research into methods, research into 
materials enable the diversity of 
transformer and transduction pro- 
ducts designed and manufactured 
by Aero Transformers to be continu- 
ally expanded. Why not consult us 
now with your transformer problem. 


Improved R.C.S.214 vacuum varnish 
impregnation process giving very low 
temperature gradients. 


AERO 
TRANSFORMERS 
LTD. 


229, SHENLEY ROAD, 


BOREHAM WOOD, HERTS. 
Telephone: RADLETT 4921/2 


CONTROL June 1960 
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SEMICONDUCTOR 


POWER RECTIFIERS 


J. STONE & COMPANY (DEPTFORD) LIMITED 
now offer semiconductor power rectifier cells of 10 amp. 


and 50 amp. rating with absolute maximum P.I.V. up to 
400 volts. 


These cells have an extremely low forward voltage drop 
making possible rectification efficiencies in excess of 99°%. 


Assembled stacks of 10 amp. cells giving all normal 
arrangements can be provided. 


J. STONE & CO (DEPTFORD) LTD 
ARKLOW ROAD LONDON ‘SE 14 


further information on request from 


CRAWLEY WORKS GATWICK RD CRAWLEY SUSSEX 
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TEMPERATURE 
recording 
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Apply ELECTROLUBE lubricants to 
all SWITCH CONTACTS and 
BEARING SURFACES of turret 
tuners, plugs and sockets, controls, 
gram motors, tape recorders, etc. 











































| : “ 
= ELECTROLUBE lubricants are a 4 
= British discovery—a scientific pre- ’ 
= paration—not “just another switch ‘ 
Temperature Recorders with = cleaner”. ' 
single or dual pen = —_ELECTROLUBE lubricants stay effec- | 
for flush panel or = tive for months. y 
wall mounting, a p = 
| = 
Mercury-in-steel | => ' 
actuation. Also Dial contact = ! 
Thermometers for | = ! 
| — BRAND 
all process work. | = 
Bi-metal, mercury- | with = -— LUBRICANT 
in-steel or vapour | | = i 
ee ~ ELECTROLUBE Brand No. | for light ‘ 
current applications, reduces fixed ' 


and relay contact resistance, stops 
audio interference, increases h.f. and 
Lf. gain by 3 db., etc. 


ELECTROLUBE Brand No. 2 for 
sparking contacts and heavier cur- 
rent duties, operates under difficult 
conditions, reduces wear on con- 
tactors 3 to 5 


= times; increases 
No. | 22/- net trade life of battery Avvo” 
No. 2 33/- net trade motors 8 times. SNORKEL container 


Iilustration shows] Rototherm instruments 
mounted in control panel built by Messrs. | 
Manlove, Alliott & Co., Ltd., of Nottingham 


ototherm 






“eewenseennest tHE NS 


f 5) Supplied Only Through Your Wholesaler 

Electrolube and Snorkel are Registered Trade Marks of 
THE BRITISH ROTOTHERM CO. LTD. Ss ELECTROLUBE LTD., 16 Berkeley Street, London, W.!. 
Merton Abbey, London, S.W.19.________ Phone: LiBerty 7661 24-hour ANSAFONE service Tel. HYDe Park 0501 (5 lines). 
Nottingham Factory: Hollis St, New Basford. - Phone: 77847 WORE 2961 
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AUTOMATIC BUNKER 
LEVEL CONTROL 


MAIHAK 


The Maihak Bunker Level 
Indicator automatically controls 
the filling level of fine and coarse 
grained bulk mass such as coal, 
coal dust, grain, plant husks, saw- 
dust, soap flakes, dried milk, etc. 
The Indicator can be fitted with 
either acoustic or visual signal 
equipment and the Maihak switch 

















transmit more torque for size and 
weight than any other clutch 
on the paddle operates, if required, 


fo r “OVER- R U N N t NG ox | the control pump or conveyor 


illustrated by this application coupling an auxiliary carrying the material to the 
geared motor with the driving motor of a printing Bunker. 


machine for starting, inching and slow speed oper- Complete details available from 
ation. The clutch over-runs continuously when the 













main motor is driving. Sc 
*in one phase of a mechanical cycle the clutch MAIHAK Ge Brieaia ond Teele 


transmits torque; in the other phase of the cycle 
the driving member comes to rest, or reduces speed, 


“wee _| SMAIL SONS & CO.LTD. 












Write for catalogue giving details PAA. RENOLD CHAINS LIMITED 

for comprehensive rong of over ser SPRA UTCH UNIT 21/23 INDIA STREET, GLASGOW, C3 

70 standard sizes for over-running, Poa De ( GCL ) an a 

indexing and instantaneous back- 50, CATHEDRAL ROAD Telephone: CiTy 3301 Telegrams: ‘STEAM ’’ GLASGOW 
stopping. Qe CARDIFF 
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If you would like further information about any advernse- 
ment or editorial item, simply tick the appropriate numbers 
on this card and mail to CONTROL. 


NAME 


POSITION HELD 


NATURE OF BUSINESS 





If you would like further information about any advertise- 
ment or editorial item, simply tick the appropriate numbers 
on this card and mail to CONTROL. 


NAME 


NAME OF BUSINESS 





ADDRESS 
POSITION HELD 


NATURE OF BUSINESS 


CONTROL resoer wronmarion seance 


If you would like further information about any advertise- 
ment or editorial item, simply tick the appropriate numbers 
on this card and mail to CONTROL. 


NAME 


NAME OF BUSINESS 
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POSITION HELD 


NATURE OF BUSINESS 





Business Reply Folder Licence WD 1823 


CONTROL 

Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
71-79 Charlotte Street, 
London, W1 

England 


Business Reply Folder Licence WD 1823 
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Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
71-79 Charlotte Street, 
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What is the most important piece of machinery in your factory ? | 


What would be the cost per day to your business if it were to break 
down ? 


It is now possible to cover the loss of profits resulting from such a 
breakdown as well as the cost of repairing the machine itself. 


Policies can be issued to meet the particular requirements of any 
business. 


In this way you can be indemnified against the serious interruptions 


to your business which can be caused by machinery breakdown. 


Should you feel in need of the protection of this new form of insur- 
ance we can send an engineer to advise you and inspect your plant. 


Write to D. H. EVERS, Industrial insurance consultant 
ONE ARUNDEL COURT JUBILEE PLACE LONDON 


CONTROL June 1960 Tick No 175 on reply card for further details 





Tick No 177 on reply card for further details Tick No 178 on reply card for further de‘ails 


Thermocontrol NEW DRALLIM 


; MULTI-WAY DUAL LINE ROTARY 
air-conditioning cabinets SELECTOR SWITCH 


. . . the economic approach to precision 

humidity and temperature control to any 

conditions within this area ‘CLICK > S gpane 
ACTION P - Pie MOUNTING 





NO LEAKAGE 
BETWEEN > 
PORTS 


ROOM RELATIVE HUMIDITY % 


ADJUSTABLE we 


(Patents Pending) 


vr oom TEMPERATURE VARIOUS TYPES AVAILABLE FOR AN INFINITE 
With Air Conditioning Cabinets of the type illustrated, rooms up NUMBER OF APPLICATIONS 


to 3,000 cubic feet capacity can be conditioned and with agreed 


installation layouts can be maintained to w:thin +0°5°F and DRALLIM INDUSTRIES LIMITED 


+ 0-75%, R.H. settings overall. 


; STATION WORKS - WESTHALL ROAD 
The unit is provided with an air outlet raised above bench | 
level and a range of larger units is also available to special design UPPER WARLINGHAM «-: SURREY 


for unusual applications. Telephone: Upper Warlingham 2873 
The specification of the standard unit includes a replaceable 


glass-sil filter for air entering the cabinet; centrifugal fan w-th 
belt driven fan motor and starter; cooling coil of up to 35,000 Tick No 179 on reply card for further details 
B.T.Us extraction per hour for reduction of either temperature 
or humidity; air heater with built-in high limit thermostat; 
room thermostat with relays to operate electric heater when the 
temperature is low, or cooling coil when the temperature is 
high; humidistat to control relative humidity through evaporative 
humidifier. 

Our specialist Engineers will be pleased to exam'ne and recom- 
mend conditioning equipment for YOUR schemes to ensure 
maintaining stringent conditions at economic cost. 


Typt L.F. Silver Contacts. One Open. One Closed. 
Type L.F. Three Changeover Contacts. 
Type MOL. Two Changeover Contacts. 


Pe Ja VL ) ld alh All Coils 230-250 V A.C. 


Te ee) These MODELS AVAILABLE FROM STOCK 


automatically first for 


design « engineering « installation || LON v2 ie 


| 
THERMOCONTROL INSTALLATIONS COMPANY LTD., 2-109 VALENTINE | 
PLACE, BLACKFRIARS ROAD, LONDON S.E.1, Tel: WATerloo 7356/7/8/9 | 
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' details 


CLASSIFIED ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT RATES:— 


LINEAGE ANNOUNCEMENT 
BOX Nos.:— 
COPY DATE:— 


FOXBORO-YOXALL LTD. 
REDHILL 
SURREY 


INSTRUMENT SERVICE 
ENGINEERS 


This company wishes to appoint 
a number of suitably qualified 
graduates, or holders of the 
H.N.C. in Mechanical or Elec- 
trical engineering, to their ser- 
vice staff. 

An understanding of industrial 
process control instruments or 
chemical processing plant is an 
essential requirement as it is the 
intention to place successful 
candidates with the outside ser- 
vice staff immediately a period 
of initial training has been com- 
pleted. 

Service engineers are normally 
based at Redhill and will be re- 
quired to travel to any part of 
the United Kingdom during the 
course of their work. 


JUNIOR LECTURER 


A position is now vacant in a 
modern, well equipped labora- 
tory and lecture room for a 
young graduate to assist in the 
training of instrument engineers 
and mechanics. 

Initially, the desire to mix with 
people and the ability to pass on 
technical information in a lucid 
manner are more important than 
an understanding of process con- 
trol problems, as the successful 
candidates will receive full 
training. 

This is an interesting position, 
eventually offering the oppor- 
tunity to contribute to research 
and development work in addi- 
tion to lecturing duties. 
Applications for the above 
appointments, giving complete 
details of career and educational 
background, should be addressed 
to the Staff Manager. 


CONTROL June 1960 


1 insertion 40/- per single col. inch 
6 insertions 38/- per single col. inch 
12 insertions 36/- per single col. inch 


RATES: — 4/- per line. 5% discount 6 insertions, 10% discount 12 insertions 


1/- extra will be charged 
Advertisements for July issue to be received not later than 20th June, 1960. 


SITUATIONS VACANT 


spl BRITISH TRANSPORT COMMISSION 


Research in Electrification 


A team of Engineers and Physicists is being recruited under the Chief 
Electrical Engineer, British Railways’ Central Staff, to conduct research 
into problems arising from the Modernisation Plan with particular refer- 
ence to electric traction and certain long-term aspects of signalling and 
communications. 

Laboratory facilities will be provided in London where all the appoint- 
ments will be made in the first instance. However, certain large scale 
facilities will be provided elsewhere on British Railways and, because the 
research will be carried out as far as possible in co-operation with 
Universities and major Electrical Manufacturers, opportunities for 
secondment will occur. 


A number of Posts are available for Scientists interested in the following 
topics: 
Electromagnetic Theory —as applied to both machines and 
communications—Control Principles, Semi-conductor Appli- 
cations, Instrumentation, Surface Physics and Mathematical 
Analysis of Mechanical and Electrical systems. 
Appointments will be made in the following grades, commencing salaries 
within the ranges being determined by qualification and experience. 


Principal Scientific Officers — Salary range £1535 - £1815 
Candidates should possess an honours degree and proven 
ability to lead research teams. (Reference 1) 


Senior Scientific Officers — Salary range £1200 - £1315 
Candidates should possess an honours degree and a record of 
successful post graduate research. (Reference 2) 


Scientific Officers — Salary ranges £698 - £1034 and £1045 - £1150 
Candidates should possess an honours degree or equivalent 
professional qualification. (Reference 3). 


Superannuation scheme. Certain travel facilities. Medical examination. 
Write stating age, qualifications and experience and quoting Post 
Reference to Director of Establishment, British Transport Commission, 
222 Marylebone Road, London, N.W.1. within 14 days. 
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THE COLLEGE OF AERONAUTICS 
DEPARTMENT OF ELECTRICAL ENGINEERING 


PHYSICISTS and ELECTRICAL ENGINEERS are invited to apply for posts as SENIOR LECTURER, 
LECTURER, DEMONSTRATOR and RESEARCH ENGINEER. 


The Department provides post-graduate courses of one or two years’ duration in Aircraft Electrical 
Engineering, Flight Control, Guidance and Control of Guided Missiles and Industrial Control Engineering. 
There = extensive and well equipped laboratories and excellent facilities are available for personal 
research. 
Candidates for the academic appointments should have a good honours degree and research, design or 
teaching experience in an appropriate subject consistent with the seniority of the appointment. The duties 
of the two senior grades would include lecturing and supervision of student research. Demonstrators are 
responsible for organisation of teaching laboratories and supervision of students. 
Research Engineers will be required to assist in research and development of equipment. They should 
have a degree or H.N.C. and be experienced in one of the fields of interest. 
The vacancies are in: 
PHYSICS and ELECTRONICS SECTION. Some knowledge of nuclear physics or a good 
background in electronics desirable. 
CONTROL and COMPUTATION SECTION. Experience in industrial or aeronautical control 
systems essential. 
ELECTRICAL MACHINES and POWER SECTION. Some knowledge of machines or power 
distribution systems for aircraft is desirable. 
The salary scales which at present are under review are: Senior Lecturer £1,700 x £75 to £2,150 p.a.; 
Lecturer £900 x £50 to £1,350 x £75 to £1,650; Demonstrator £600 x £25 to £1,000, with superannuation 
under F.S.S.U. and family allowance. Research Engineer, up to £1,650 p.a. depending on grade in which 
appointed, with Local Government Superannuation, and, in certain cases, family allowance. In each case 
the commencing salary within the prescribed scale will depend upon age, qualifications and experience. 4 
Consideration given to housing requirements. Applications giving full particulars and quoting the names ’ 


of three referees, to the Recorder, The College of Aeronautics, Cranfield, Bletchley, Bucks, Further 
particulars available. 








COLLEGE OF ADVANCED TECHNOLOGY, BIRMINGHAM 
DEPARTMENT OF ELECTRICAL ENGINEERING 
Applications are invited for the post of — 


PRINCIPAL LECTURER in Electronics and Control 
Engineering —es.o0sive for organising work in the Depariment in electronics and 


MULLARD EQUIPMENT LTD. | 


51-55 Garratt Lane, 
London, S.W.18, 


offer opportunities for interesting 
and stimulating work in_ their 


developing new laboratories and courses in control engineering, and undertaking a programme Engineering Development Labora- 























of ee in Cn —_. pi nbc geo ee will - = ape to orenee ne tories to: | 
pervise t' isiting teac tot tment other t ‘or post-graduate work. F ) 
supervise the work o aed eachers e departmen r than g ELECTRONIC DEVELOPMENT 
ry Scale: (Men) £1,750—£1,900 ENGINEERS 
Further particulars and forms of application from the : and 
Bursar, College of Advanced Technology, Gosta Green, Birmingham, 4. MECHANICAL DESIGN 
Applications to be received within 14 days of this advertisement. Please quote ref ‘C.L.’ 
ENGINEERS 


K. R. PILLING, Clerk ta the Governors. 





in the following fields:— 


1. Microwave Equipment and 
Components, including devel- 
opment of linear accelerators. 
Electronic Industrial Control 
Systems, including machine 
and process control. 

3. Nuclear Reactor Instrumen- 
tation. 

Transistorised Equipment. 
Radio Communication Equip- 
ment, exploiting advanced 
techniques. 

Applications are invited from those 
with substantial experience in one 
or more of these fields and with a 
degree or equivalent qualification 
for these attractive and responsible 
positions. 

Successful applicants couldexpectto 
be located at Wandsworth until 1961 
and thereafter at Crawley, Sussex. 
Please write with brief details of 
experience and qualifications to the 
Personnel Officer, quoting refer- 
ence LM/15. 


TAYLOR CONTROLS LIMITED, 
Leaders in Automation and Process Control, 


invite applications from Instrument Engineers with Electronic back- 
ground and experience in any of the following industries:— 


POWER, STEEL, GAS, 
for their Technical Sales Department. 


Successful applicants will specialise in new range of electronic 
instruments and will investigate future requirements for this new 
equipment in the Process Industries. 


Excellent prospects and salary offered. 
Applications to:— 


Nm 


SS 


The Sales Director, 
Taylor Controls Ltd., 
75 Hale End Road, 
Walthamstow, E.17 
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SITUATIONS VACANT 
a 


y Re 
SOLARTRON 
\ i 


Sales volume up 14 times in five years. 
Personnel increased six fold in the same period. 





SPELLS 
OPPORTUNITY 


Some of the vacancies at present existing within our Development Laboratories at 


Another five-year programme of expansion ahead. 
Small high-calibre teams in dynamic atmosphere 





encouraging maximum individual creative thought 
and initiative. 
Wide range of interesting commercial projects. 


Dorking, Surrey; Farnborough, Hants; and Thames Ditton, Surrey, are shown below: 


SENIOR ELECTRONIC ENGINEERS 


We need a team leader to lead a small team in the design of transistor DIGITAL COMPUTATION 


logic elements for use in special pu igi s ould There are some interesting and challenging 

‘ ° pe ? P ‘poe digital computers. He shc . developments at DORKING and FARNBOROUGH 
—_ € an experienced general circuit designer with knowledge of transistor ie conmertion with spectal purpose dich 

switching circuitry. Project Engineers with similar background, but slightly computers. 

less experienced are also invited to apply. (Ref: 455 TD) 


D. SENIOR ELECTRONIC ENGINEERS @ BUSINESS MACHINES 


ERA, the Solartron Reading Machine, has been 


Engineers with several years development experience in any of the follow- designed to read business, scientific and industrial 
i = j j i i ' iol ; . information directly from original documents, 
ing fields transistor circuitry, pulse circuitry, digital techniques or logical ant at FARNBOROUGH ts now bolas epolied 
ing design, servo mechanisms, video amplifiers or precision CRT scanners— to an increasing range of new and interesting 
reir will find many challenging opportunities. (Ref: 267) problems. 
ra- 
NT vt ; @ TRANSDUCERS 
Opportunities have arisen for a project leader and a senior engineer to Solartron at FARNBOROUGH is developing 
design and develop various forms of transducer devices. Experience in a new range of transducers of wide scope and 


application for the measurement of pressure, 
temperature and displacement. 


any one of the following fields is necessary : —precision electrical, mechani- 
cal or physical measurements; transducers of advanced design, instru- 
ment kinematical design. A general knowledge of the properties and uses 
and of specialised engineering materials would be an advantage. (Ref: 286) @ SIMULATION SYSTEMS 

vel- The Radar Simulator group at FARNBOROUGH 


~ SENIOR ELECTRONIC ENGINEER is constanily secking ways and means of 


trol 





employing computer techniques to assist users 

\ine He will lead a small team on the design of simulator systems and large = oa oe See ae - 
ibd: DC amplifier installations. A thorough knowledge of DC amplifier and tenets suas Gane its amen 

systems and servo systems is necessary. Familiarity with digital and in every field. Our aim is to enaile ans to 
transistor techniques would be an advantage. (Ref: 249) aaa ae oe nee 
U1 p- 
ced SENIOR ELECTRONIC ENGINEER 
10se We want a man capable of designing a first class instrument from a basic ELECTRONIC INSTRUMENTS 
one concept. He will have the opportunity of working with the production e Cramer aii. 
ina engineers, thus seeing the design through to its final form and should for an ever widening range of electronic 
‘ble have at least five years experience in one or more of the following SS 

fields: oscilloscopes, pulse generators, servo test equipment, digital 
on instrumentation, R.F. instrumentation. (Ref: 400 TD) 
eae Why not discuss your future career with us? 
= Please apply, quoting appropriate reference numbers, to:—S. C. Golding, Group Personnel Officer, 





THE SOLARTRON ELECTRONIC GROUP LTD., Farnborough, Hampshire 
SOHOHOHSOHOHSHHHHHHHSHHHSHHOHOHHOHHHOHOHOHOHHHOOOOHOOOOOOOEES 





CONTROL June 1960 199 











ASSISTANT PRODUCTION 
CONTROL MANAGER 


required in N.W. London area for 
large Organisation engaged on batch 
production for the Motor Industry. 
He should have the minimum of at 
least five years experience of Produc- 
tion Control in light engineering and 
preferably with production engineer- 
ing qualifications and background. He 
should be in the age group 30-40 
years. Excellent opportunity for a 
really administrative production per- 
sonality. 





















Write in strict confidence, giving 
details of experience to date to Box 
C128. 


experience and present salary. 
Employee Relations Manager. 






CONSTRUCTORS 
JOHN BROWN LIMITED 


require a 


PROCESS CONTROL 
ENGINEER 


MATHEMATICIAN 


to deal with the problems arising in the 
application of instruments to difficult 
process control problems, and to be 
capable of analysing data obtained during 
the course of design studies of chemical 
and other processes. 

This is a post calling for a young man of 
outstanding ability and offers interesting 
and progressive work in the forefront or 
automation. 

Applicants should preferably be between 
25 and 30 and should possess a degree or 
equivalent qualification, 

Kindly send details of age, qualifications and ex- 


perience, quoting Ref. No. J] 7038, when applying 
for interview to: 


The Research Manager, 
Research and Development Station, 
C.j.B. Ltd., Kingston Road, 
LEATHERHEAD, Surrey. 
Telephone : Leatherhead 4400 





























DU PONT COMPANY (UNITED KINGDOM) LIMITED, 
MAYDOWN WORKS, 
P.O. BOX 15, 
LONDONDERRY 


require an ELECTRICAL ENGINEER. 





Ma SSS lst 


SITUATIONS VACANT 





INSTRUMENT 
ENGINEERS 


(Junior and Senior) 


are required for design of instru- 
mentation and control systems for 
chemical plant, oil pipe lines and 
refineries. 

Applicants should possess a degree 
or near equivalent qualifications 
and have some years experience in 
the above fields. Good salaries. 
Luncheon vouchers. 


Application forms from : 
Personnel Manager, 
CONSTRUCTORS 

JOHN BROWN LIMITED, 
C.J.B. House, Eastbourne Terrace, 
Paddington, London, W.2. 
quoting Ref. No. J 7026. 












A vacancy exists for an Electrical Engineer, preferably with process 
instrument experience, as Assistant Control Engineer at the Works 
at present being constructed near Londonderry. 


Applications, which are invited from graduates or those with 
equivalent qualifications, should give brief details of education, 
They should be addressed to the 


CONTROLS AND AUDCO ANNIN 
DIVISIONS OF 
AUDLEY ENGINEERING CO. LTD. 


Technical Sales Engineers 


A number of Technical Sales Engineers are 
required in the North, Midlands, and 
London areas, Applicants should be con- 
versant in one or more of the following: 
For Controls Division.— 

Pneumatic, Hydraulic, or Electr cal 

Actuation and Automatic Control Systems. 
For Audco Annin Division.— 

Experience in a wide range of Industrial 

processes involving the use of Automatic 

Control Valves. 
Applicants, who should not be less than 
28 years of age, should apply in writ ng 
to Audley Engineering Company Limited, 
Eastern Avenue, Gloucester, giving full 
details, in tabulated form, of age, educa- 
tion, qualifications and experience, and 
should possess an engineering backgrourd 
with preferably sales experience. 
Salary commensurate with qualifications and 
experience. Superannuation scheme in 
operation. Company car provided. 


TRY A CLASSIFIED 
—YOU'LL BE SATISFIED 





SITUATIONS WANTED 


ENGINEER, 26, H.N.C.(Elect.) seeks 
permanent, progressive post. Experienced 
in Elec./Mech. control schemes. Basic 
knowledge of electronics. Served inden- 
tured apprenticeship. Instrumentation field 
preferred. Willing to travel. Box C129. 





SPECIAL EQUIPMENT 












TELEPRINTERS 
PERFORATORS 
REPERFORATORS 
TAPE READERS 


Terminals and V.F. Telegraph multi- 
channel units; Testing Equipment, 
Test a Tele hone Carriers and 
Re aters ; ailing Rectifiers and 

ays, Tranefo ormers, Transmit and 
Recesve Filters; Repeating and Retard- 
ation Coils; Racks, Relay Bases, 
Uniselectors, Remote Control Trans- 
mitters, British, American, and Ger- 
man Equipment. 


BATEY & CO., GAIETY WORKS, 
Akeman Street, Tring, Herts. 
Tel.: TRING 2183 and 2310 





















































AGENCIES WANTED 


PROGRESSIVE COMPANY of 
instrument makers and precision 
engineers are willing to enter into 
licensed agreement with patentees 
of electronic and mechanical 
instruments with good market 
prospects. 

Adequate facilities for develop- 
ment and production. 
Inquiries to: 

V. Lovett, Esq. 
H. & B. PRECISION 

ENGINEERS 


Station Estate, Watford, Herts. 





































SPECIAL SERVICES 











ART ENGRAVERS CO. LTD. 


* 
Instrument Panels, Graduated Dials, 
Plastic Signs, Nameplates, etc. 
**Pantograph House”’, Southsea Road, 
Kingston-upon-Thames, Surrey 
KINgston 1638 





IF you require high-class work 
with prompt delivery, may we 
please quote you? 

CAPSTAN turning up to 1}” dia., 
Centre Lathe, Multi-spindle Drill- 
ing, Assembly, etc. 
ELECTRICAL CABLE FORMS 
to customers’ specification. 


CHARLES BERNARD & CO. 
LTD. 


721 North Circular Road, 
London, NW2 


Telephone: GLAdstone 4019 
















NEEDS PLASTICS LTD. 
Turning, Cutting and Machining of 











EBONITE 
and other Plastics 
13 Quee HOWard 
Enfield, M Middlesex 2281 
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SPECIAL SERVICES 























eks ELECTRONICS 

iced Capacity available for electronic wiring, 

asic sheet metalwork, engraving, looms, cable 

len forms and connectors. 1 off or production 

sen runs. A.I.D. & A.R.B. Approved. Write or 

leld phone for descriptive leaflet, 

129. GRUNDY & PARTNERS, LTD. 

aa 3 The Causeway, Teddington, Middx. 

TEDdington Lock 3402/3 

FACTORY TIME RECORDERS. Rental 
service. Phone, Hop 2239. Time Recorder 
Supply and Maintenance Co., Ltd., 157- 
159 Borough High St., SE1. 









Electronic Instruments and Devices 
made to your requirements 
Design work undertaken 

Special applications and “one 

only ” orders welcomed 
Quotations gladly given 

Why not discuss your problem 

with us? 

- 

VACUUM ELECTRONICS LTD. 

35 Sackville Street, London, W.1 
Telephone: REGent 6404 


1 
1 
1 
; 
































PRESSINGS IN ALL 
METALS 
up to 60 tons 

Press tools manufactured in 
our own toolroom. Light 
assemblies—Domestic, Electri- 
cal and Mechanical. All 
finishes. A.I.D. and A.R.B. 
approved. Advice and estimates 
given free. 


Inquiries to: 
METAL COMPONENTS 
LTD. 


DOLPHIN ROAD 
SHOREHAM-BY-SEA 
SUSSEX 


Telephone : 
Shoreham-by-Sea 2224-5 












AUTOMATIC VENDING MACHINES 
The ALDEBERT ENGINEERING 
co. LTD. 


Manufacturers of Actuators 
Automatic Vending Machines for 
all Products—Coin Selectors—Change 
Givers—Delivery Mechanisms and all 
Components for Automatic Vendirg 

Machines 
Aldebert Works, Aldebert Terrace, London, 
S.W.8. RELiance 1966 














COMPUTER EQUIPMENT 


COMPUTER and Punched Card 
Ancillary Equipment. Racks, Reels, 






of Cases, Cabinets, Trays, Trolleys, Cup- 
boards and Shelving, all sizes. Send for 
illustrated catalogue. Jenkins Fidgeon 
rd Limited, Linley Road, Talke, Staffs. 


Telephone Kidsgrove 2368. 
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COURSES 


U.K.A.E.A. 


12th to 23rd September, 1960, inclusive. 


subjects. 
dation. 


The Principal, 
Reactor School, 






TRANSDUCERS 







Instant readings of : 


meter. Sensitivities from 0-003 atmosphere. 


ARC 5078 


SOLENOIDS 








Quick Delivery Solenoids are normally despatched same day as receipt of order 


PHILLIPS CONTROL (6.B.) LTD. 


RELAY SYSTEMS 


The) Plug-in _ 
Relay System | 1 


The most highly developed 
Relay System available 


















i) 


D. ROBINSON and Co. 
NDON ROAD. HOUNSLOW 


AO) slow 6266. 626 = 


HARWELL REACTOR SCHOOL 
Control and Instrumentation of Reactors Course 


The fifth course on “ The Control and Instrumentation of Reactors ” 
will be held at Durley Hall, Bournemouth, Hampshire, from the 


The course is intended for those who have a direct interest in the 
control and instrumentation of nuclear reactors, and it is assumed _ 
that participants have some knowledge of the basic principles of these 


The fee for the course will be fifty guineas, exclusive of accommo- 


Application forms and further details can be had from: — 


Atomic Energy Research Establishment, 
Harwell, Didcot, Berks. 





FM TRANSDUCER SYSTEM 


PRESSURE SPECIFIC GRAVITY 
ACCELERATION VIBRATION 
VISCOSITY 


The standard amplifier/discriminator is available with a great variety 
of transducer configurations; made to order. Sizes from 0:1” dia- 


BEL SOUND PRODUCTS CO., 
Marlborough Yard, London, N.19 





PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 108) now available. 
Covers small and medium solid core types 
including new types 45, 35, 36 and 37. 


Send for your copy now. 


phone: Farnborough 1120 

































































































































































































































































































































































Adcola Products Ltd. 
A.D.S. Relays Ltd. 
Advance Components Ltd. 


Tick No 180 on reply card for further details 


Miniature automatic synchronous timer 
type ZX 1-12 continuously adjustable 
timing circuits with or 
setting dials. Timing 


independent 
without time 


ranges between 0-30 seconds and 0-28 
days. Switching capacity 10 amps at 
230 v AC. Overall dimensions of 2-cir- 
cuit unit 23” » 


HARLOW - 





ADVERTISERS 


192 
174 
54 


A.E.I, Ltd. (Electronic Apparatus Div.) 32 
A.E.I. Ltd. (Instrumentation Div.) 140, 151 
A.E.I. Ltd. (Radio & Electron'c Com- 


ponents Div.) 
Aero Transformers Ltd. 


135 
193 


Aircraft Marine Products (Gt. Britain) 


Ltd. 
Airmec Ltd. 
Alexander Controls Ltd. 


Amphenol (Great Britain) Ltd. 


Anglo-American Vulcanized Fibre Co. 


Ltd. 


Armstrong Whitworth Aircraft 


Sir W. G. 
Associated Transistors Ltd. 
Aveley Electric Ltd. 


B. & R. Relays Ltd. 


Bailey & Co. Ltd., Sir W. H. 


Ltd., 


Baldwin Instrument Co. Ltd. (Instru- 


ment Div.) 


Baldwin Instrument Co. Ltd. 


Best Products Ltd. 


Black Automatic Controls Ltd. 
Blakeborough & Sons Ltd. J. 
British Arca Regulators Ltd. 


British Electric Resistance Co. Ltd. 156 


British Ermeto Corp. Ltd. 133 
British Rototherm Co. Ltd., The 194 
Bulmers Business Machines Ltd. 41 
Burgess Products Co. Ltd. 181 
Bush Beach & Segner Bayley Ltd. 37 
Carr & Co. Ltd., James W. 188 
Carter Gears Ltd. 159 
Counting Instruments Ltd. 35 
Creed & Co. Ltd. 12 
Davis & Sons (Derby) Ltd., John 168 
Davy & United Instruments Ltd. 149 
de Havilland Propellers Ltd. 15, 182 
Dependable Relay Co. Ltd. 187 
Devon Instruments Ltd. 190 
Dewhurst & Partner Ltd. 52 
Drallim Industries Ltd. 196 
Electrical Remote Control Ltd. 202 
Electrolube Ltd. 194 
Electro-Methods Ltd. 36 
Electronic Associates Ltd. 57 
Electronic Switchgear (London) Ltd. 158 
Elliott Bros. (London) Ltd. 17 
Elliott Bros. (London) Ltd. (Process 
_Control Div.) 161 
Elliott Bros. (London) Ltd. (Quality 
Control Div.) 
Elliott Bros. (London) Ltd. (Servo 
Components Div.) 6 
Engel & Gibbs Ltd. 14 


English Electric Co. Ltd., The 


. . 40 
English Numbering Machines Limited 178 
70 


Ericsson Telephones Ltd. 


Ericsson Telephones Ltd. (Tube Div.) 13 


Ether Ltd. 


202 


58, 59, 154, 155 


MANUFACTURERS 


3" x SU” 


ESSEX 







and DC. 


DC, 


* Special purpose control panels to customers’ 
requirements. 


ELECTRICAL REMOTE CONTROL CO. LTD. 


Telephone: HARLOW 24285 








Evans Electrose!enium Ltd. 165 
Evers, D. H. 195 
Evershed & Vignoles Ltd. 1 
Every & Son Ltd., G. W. 186 
Expanded Metal Co. Ltd., The 65 
Fielden Electronics Ltd. 2, 189 
Fireye Controls Co. Ltd. 73 
Firth Cleveland Instruments Ltd. 142 
Fortiphone Ltd. 170 
Fractional H.P. Motors Ltd. 188 
Graviner 156 
Goodman Ltd., George 160 
G.W.B. Furnaces Ltd. w” 
H. & B. Precision Engineers Ltd. 192 
Haddon & Stokes Ltd., Thomas 186 
Hagan Controls Ltd. 69 
Hairlock Co. Ltd., The 166 
Hartons Installations Ltd. 47 
Hivac Ltd. 166 
H.M.L. Engineering Ltd. 157 
Honeywell Controls Ltd. 42, 43, 66 
Hydraulics & Pneumatics Ltd. 55, 160 
1.A.C. Ltd. 186 
1.B.M. United Kingdom Ltd. 2 
Insuloid Mfg. Co. Ltd. 1 

Integra, Leeds & Northrup Ltd. 45 


International Computers & Tabulators 
Ltd. 
International Rectifier Co. (Great Britain) 


Ltd. 
Isenthal & Co. Ltd. 162 
Jones Tate & Co. Ltd. 148 
K.D.G. Instruments Ltd. 178 
Kelvin & Hughes (Industria!) Ltd. 129 
Kelvin & Hughes Ltd. 60 
Kent Ltd., George 18 
Ketay Ltd. 171 
Klaxon Ltd. 172 
Kodak Ltd. 184 
Kynmore Eng. Co. Ltd. 158 
Lancashire Dynamo Electronic Pro- 

ducts Ltd. 20 
Lancashire Dynamo Nevelin Ltd. 146 
Lewis Spring Co. Ltd., The 170 
Lintott Ltd., H. & E. 169 
Lock and Co. Ltd., A. M. 189 
Londex Ltd. 196 
Lords Controls Ltd. 162 
Lunds of Wandsworth 191 
Lyons, Ltd., Claude 174 
Maxam Power Ltd. 82 
Measurement Ltd. 177 
Metering Pumps Ltd. 139 
Midland Pneumatic Ltd. 188 
Midland Silicones Ltd. 145 
Murphy Radio Ltd. 39 
National Cash Register Co. Ltd. 17 
Negretti & Zambra Ltd. 137 
Neumo Ltd. 190 






OF ELECTRICAL TIMING 
AND CONTROL APPARATUS 


* Range of fully automatic process timers for AC 


IN THIS 


* Range of cam operated hand reset process timers 
for AC and DC. 


* Multiple contact and mercury relays for AC and 


ISSUE 









Painton & Co. Ltd. 31 
Panellit Ltd. 147 
Parvalux Ltd. 184 
Pelapone Ltd. 150 
Penny & Giles be 192 
Pilot Plug Gauge Co. Ltd., The 78 
Plannair Ltd. 167 
Plessey Co. Ltd., The 143 
Plessey Co. Ltd., The (Wiring & Con- 
nectors Div.) 173 
Power Flexible Tubing Co. Ltd. 182 
Power Jacks Ltd. 188 
Pratt & Co. Ltd., F. 67 
Pullin & Co. Ltd., R. B. 187 
Pyrotenax Ltd. 4 
Radiatron 192 
Radiovisor Parent Ltd. 38 
Rank Cintel Ltd. 63 
Reliance Mfg. Co. (Southwark) Ltd. o4 
Renold Chains Ltd. 194 
Research & Control Instruments Ltd. 21 
Robinson & Partners Ltd., F 161 
Rotameter Mfg. Co. Ltd. 164 
Rothschild & Sons, N. M. 190 
Salford Electrical Instruments Ltd. 46 
Schrader’s Son, A. 16 
Scientific Instrument Manufacturers’ 
Association of Great Britain 172 
Screen Process Supplies Ltd. 185 
Semiconductors Ltd. 203 
Servo Consultants Ltd. 190 
Servomex Controls Ltd. 74, 75 
Short Bros. & Harland Ltd. 23 
Simmonds Ltd., L. E. 152 
Sintered Glass & Metal Seal Co. Ltd. 180 
Smail Sons & Co. Ltd. 194 
Solartron Electronic Group Ltd., The 204 
Southern Instruments Ltd. 28 
Sperry Gyroscope Co. Ltd. 5 
Square D Ltd. 9 
Standard Telephones & Cables Ltd. 179 
Standard Telephones & Cables Ltd. 
(Rectifier Div.) 153 
Stone & Co. (Deptford) Ltd., J. 193 
Stonebridge Electrical Co. Ltd., The 176 
Stone-Chance Ltd. 53 
T.A.L. Numatics Ltd. 8 
Telehoist Ltd. 61 
Telephone Mfg. Co. Ltd. 19 
Texas Instruments Ltd. 80 
Thermocontrol Inst. Co. Ltd. 196 
Thompson Ltd., J. Langham 141 
Thorn Electrical Industries Ltd. 33 
Ultra Electronics Ltd. 49 
Unbrako Socket Screw Co. Ltd. 68 
Vactric (Control Equipment) Ltd. 56 
Varilectric Ltd. 183 
Venner Electronics Ltd. 50 
Vickers Armstrong (Engineers) Ltd. il 
Westool Ltd. 71 
Williams & James (Engineers) Ltd. 176 
Winston Electronics Ltd. 180 
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FAST AGTION RELIEF 
FOR DESIGN HEADACHES 


Semiconductors fast switching 
MA393 Microalloy ‘T’ransistor 
has these advantages 


Minimum fosc of 40 Mc/s 

50mA continuous current rating 

Minimum HFE of 20 (Ic=50mA, VCE=1 volt) 
Typical saturation voltage of 200mV at 50mA 


Junction temperature only 20°C above ambient when 
bottomed at 50mA 


Low, controlled hole-storage factor 
Reverse base-emitter voltage rating of 5 volts 


Made in quantity at Swindon on automatic 
production equipment 


J. BESSEMAR the cele- 
brated hypochondriac 


+ a a 
Bye Hot stacking Semiconductors limited 
Transistors and rid my- CHENEY MANOR - SWINDON - WILTSHIRE - SWINDON 6421 


seli 01 design headaches.” $C2%6 
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Magnetic tape will record more data, faster, more 
accurately than any other medium. 


The Solartron LW 980 Magnetic Tape 
Recorder-Reproducer System has been 
introduced for evaluating behaviour of complex 
dynamic systems — either industrial or military — by 


ye 





eet precise recording of multiple input signals, for. sub- 
sequent reproduction and analysis. 

Cai aa tetiat 

Displacements 

Velocities 


aT mrt Gch 
Viscosities 
Radiation Levels 
ace 


PUT IT ON 





% Frequency range DC to 100 Ke/s. 





%* Multichannel input and output facilities. 


% Record Time up to 84 hours with Tape 
Speeds 1% to 60 ips. 


%* Input: 0.5 to 25 V, rms; Output: Nominal 2 V rms. 


120 5 % Environmental Range 40° to 95° F at 


100% Humidity, Corrosion - Resistant throughout. 





r write now for literature to: 


GIP Nanay THE SOLARTRON ELECTRONIG GROUP LTD 


Victoria Road, Farnborough, Hants. 
Tel: ve (Hants.) 3000. 


ard for further details 





Tick No 189 on reply card for further details 
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